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THE NETHERLANDS AND THE PETROLEUM INDUSTRY 
by C. VAN DE POLL 
(Director of the State Office for Petroleum Products) 


The Netherlands, which this year has the privilege of staging the Third World 
Petroleum Congress, keenly looks forward to this event, because it is particularly interested 
in the oil industry: 

l. as an oil-consuming country, 

2. as a refining centre, 

3. as an oil-producing country, 

4. as the headquarters of the Royal Dutch Petroleum Company. 


l. The Netherlands as an oil-consuming country 


As an oil-consuming country the Netherland does not differ very much from other 
countries in Western Europe, which have roughly the same economic structure and 
density of population, a highly developed agricultural sector, an extensive transport 
system and important industry. 

For the sake of comparison the turnovers (derived from O.E.E.C. data) relating to 
the Netherlands and five other Western European countries are set out below. 


Quantity in 1000 mit. 


Area Population Total | GassıeRyel 
market | Gasoline | Kerosine j ; 
oil oil 
1950/51 
S a  ——— ——— 
Netherlands. . » 34.000 sq. km 101 mill. 2763 680 | 258 510 | 1000 
Belgium. . . 31.000 sq. km 8.6 mill. 2116 750 38 660 | 500 
Denmark ..,.... 44.000 sq. km 4.2 mill. 1493 440 70 368 | 495 
NorWway.2. 324.000 sq. km 3.2 mill. 1361 241 38 465 480 
Sweden .. .. 449.000 sq. km 6.9 mill. 3877 694 208 1184 | 1538 


Switzerland. . . |, 41.000 sq. km 4.6 mill. 1046 260 32 615 


It is remarkable to note the large turnover in the Netherlands as far as kerosine is 
concerned. 

The Netherlands market is supplied by a number of oil companies of varying size. 
The setup of these companies does not differ in principle from identical marketing 
organisations in other countries. 

The foreigner will, however, note that great economy is exercised in the Netherlands 
as regards the kerbside pump organisation. It hardly ever occurs that pumps of different 
companies are placed at one and the same sales point. The Netherlands dealers (mainly 
garagists) generally take their gasoline from one company. 

The total turnover of petroleum products in the Netherlands amounted in 1950 to 
about 2,600,000 metric tons, having a f.o.b. value (in various currencies) corresponding 
to an amount of Netherlands fls. 266,000,000.—. 

In September 1939 — with war threatening — the Government set up the State 
Office for Petroleum Products. This Office is still doing its work to-day, on account of 
the problems (especially monetary) inherent in the country’s regular supply of petroleum 
products. 


2. The Netherlands as a refining centre 

Already before the war the Netherlands possessed an important oil refinery at Rot- 
terdam-Pernis, owned by the B.P.M. (Royal Dutch/Shell and having a throughput of 
1,000,000 tons (7,000,000 bbls) of crude oil per annum. 
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After World War II this refinery was considerably extended and now has a pro- 
cessing capacity of some 5,000,000 tons of crude oil per annum (100,000 bbls per day) 
and is now the largest refinery on the European Continent. 

After the war, adjacent to this refinery, two chemical factories were built, using oil 
as a base material, one factory producing a synthetic detergent, the other making a plastic 
of the polyvinyl chloride type. ’ 

In addition to this refinery of the Royal Dutch/Shell Group, another refinery was 
built in the Netherlands after the war by Caltex. This refinery, also at Rotterdam-Pernis, 
was put into operation in 1950 and has a throughput of 1,000,000 tons per annum (20,000 
bbls per day). 

With these two refineries the Netherlands occupies a prominent place among the 
countries with respect to oil processing capacity. 

3. The Netherlands as an oil-producing country 

Since 1943 the Netherlands has appeared on the world map as an oil-producing 
country. The only oilfield discovered up to now is in the East of the country, in the 
province of Drenthe, mainly in the village of Oud- and Nieuw Schoonebeek. 

Oil was struck in 1943, but the exploitation of the field only started at the end of the 


war. Since 1943 the production has risen considerably, as is shown by the following annual 
figures: 


1945 5,800 tons ( 40,500 bbls) 
1946 62,600 tons ( 435,000 bbls) 
1947 212,700 tons (1,480,000 bbls) 
1948 495,500 tons (3,440,000 bbls) 
1949 620,900 tons (4,315,000 bbls) 


1950 705,000 tons (4,900,000 bbls) 


Based on 1950 figures, the indigenous production covers about 27 % by weight of the 
country’s requirements of petroleum products. 


Exploration for and exploitation of oil and gas in the Netherlands is in the hands of 
the Nederlandse Aardolie Maatschappij N.V. (N.A.M.), a company jointly owned on a 
50/50 basis by N.V. De Bataafsche Petroleum Maatschappij (for the Royal Dutch/Shell 
Group) and Standard Oil Company (New Jersey). 

The crude oil is daily transported by rail tank cars from the field to the B.P.M. 
(Royal Dutch/Shell) Refinery at Rotterdam-Pernis for processing. 


4. The Netherlands as the headquarters of the Royal Dutch Petroleum Company 


Although the foregoing will already have given a fair idea of the importance of the 
oil industry for the Netherlands as regards production, refining and consumption, a very 
important factor should be finally mentioned, that is the fact that the Netherlands houses 
the Royal Dutch Petroleum Co., the senior parent company of the Royal Dutch/Shell 
Group, and the Bataafsche Petroleum Maatschappij, one of the three major operating 
companies of this Group. 

The Royal Dutch/Shell Group employs in the Netherlands alone some 10,000 
workers. Apart from its refinery in Rotterdam-Pernis, its interest in the Netherlands 
producing company and its marketing organisation in the Netherlands, the Group has at 
its disposal in the Netherlands two important research laboratories, one at Amsterdam 
with some 1,500 employees, and a smaller one at Delft. From these scientific centres 
many major contributions are made to the oil industry in the development of new and 
better processes and products. 

‚Through dividends paid by the Royal Dutch to its shareholders, through taxes, 
through important orders to Netherlands industry and in many other ways the Royal 
Dutch contributes substantially to the Netherlands economy and the Netherlands may be 
considered lucky in having this enterprise within its boundaries. 

I trust that the foregoing notes will have conveyed to the reader the impression that 
the Netherlands is particularly interested to receive the Third World Petroleum Congress 
and will follow the work of this congress with great interest. 


The Hague, May 1951. 


With utmost interest we follow the constant 
progress in modern drilling methods, which 
enable us to deliver all over the world the finest 


grades of highly refined petroleum products. 


Aeıo-foto KL 


NEDERLANDSE RAFFINADER]|I) 
VAN PETROLEUMPRODUCTEN N.V. 


PETROLEUM JELLIES, ALL GRADES; LIQUID PARAFFINS; WHITE OILS; TRANSFORMER- 
TURBINE- & REFRIGARATOR OILS; PETROLEUM SULPHONATES; VARIOUS WAXES. 


"ran 


ad 


Stationary and Marine DIESELENGINES 
DUAL-FUEL Diesel Engines 
Back Pressure TURBINES and 
PUMPS for all purposes 


ee 


Sole Representative for Netherlands and overseas territories: 
INGENIEURSBUREAU Ir. A.M. INGELSE 
Tel. 45692 


Amsterdam-C 


Singel 146 
SULZER BROTHERS LIMITED, WINTERTHUR (SWITZERLAND 


a 


LE CARACTERE MORPHOLOGIQUE DES PAYS-BAS 
par Mme ]. B. L. HOL 
Professeur de geographie physique ä l’Universite d’Utrecht. 


En s’approchant en avion du littoral de la Hollande, par ex. en allant de Londres ä 
Amsterdam, on voit tout d’abord une zone dunaire prot&geant un pays tres bas contre 


les attaques de la mer. Mais cette chaine de dunes est interrompue ä divers endroits par 
_ de grands estuaires, les embouchures des grands fleuves. Par un temps tres clair la vue 


aerienne s’etend de la frontiere belge au sud de l’estuaire de l’Escaut jusqu’au delä du 
Noordzeekanaal (Canal de la Mer du Nord), le grand canal qui avec ses immenses &clu- 
ses & IJmuiden donne acces aux grands navires de mer vers le port d’Amsterdam. 


A linterieur du pied des dunes s’&tale au printemps un tapis ravissant de tulipes, 


- d’hyacinthes, de narcisses en couleurs &blouissantes! Mais a peine a-t-on eu le temps d'y 
- jeter un coup d’oeil, et deja on survole un paysage d’un tout autre aspect et tout ä fait 


caracteristique: des rigoles et de petits fosses innombrables coupent les prairies et les 


_ champs laboures en mille petites parcelles; partout l’on voit des digues, des canaux et 


NEN 


parfois une flaque d’eau ou un lac aviv& par les voiles blanches des yachts. C'est le 


- celebre pays des polders, situe peu au-dessous ou ä peu pres au niveau de la mer quand 


il s'agit de terres d’argile marine arrach6es ä la mer par l’endiguement ou de tourbieres, 
- mais descendant tres bas, m&me jusqu’a 5 metres au-dessous du niveau de la mer, quand 
les terrains correspondent aux fonds d’anciens lacs dont on a pratiqu& l’assechement. 


C'est un sol fertile, tres recent (holocene), le domaine par excellence du drainage arti- 


_ficiel. Cette large extension du pays polderien a valu au Royaume neerlandais le nom de 
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„Pays-Bas’. L’a&roport d’Amsterdam, „Schiphol, oü nous allons mettre pied ä terre, est 
situ& en plein pays polderien. A l’est de cette region basse le sol s’eleve. Sauf le long des 
plaines alluviales des grands fleuves qui s’&tendent de l’est ä l'ouest, le sol est plus pau- 
vre; il est form& de terres de sables, tres maigres. Pour ameliorer ces terrains et les mettre 
en culture l!homme a dü faire de grands efforts. Les &tendues sablonneuses de la partie 
orientale du territoire neerlandais qui forment ä l'ouest le soubassement des couches 
holocönes du terrain pold&rien font partie du grand cöne de dejection d’äge pleistocene du 


Rijn (Rhin) et de la Maas (Meuse). 


Si nous avions continu& notre route en avion vers l’est en suivant les rubans argen- 
tins des fleuves qui forment les grandes arteres nautiques du pays, nous aurions vu que 
ce pays des interfleuves de direction est-ouest separe deux paysages de caractere tres 
different: Au sud une grande plaine sableuse mise en culture qui remonte doucement 
vers le sud, tandis qu'au nord des crötes allongees s’elevent. Elles sont aussi formees 
par des sables et du gravier pleistocenes, mais on y trouve en outre des cailloux et parfois 
m&me des blocs enormes de granite, de porphyre etc. provenant des regions baltiques. 
C'est ce qui nous prouve que l’inlandsis en recouvrant les plaines de l’Europe septen- 


_ trionale a aussi envahi la partie nord du grand cöne de dejection jusqu’au sein du pays 


des interfleuves. Les lobes de l’inlandsis en entrant dans les vall&es ou cuvettes preexis- 
tantes ont refoul& et entasse les materiaux meubles de la surface et ont forme ainsi, äa 
l’entour des cuvettes, de grandes guirlandes de cretes de poussee glaciaire (stuw- 


_ wallen). 


C'est ainsi que la courbe de niveau d’un metre divise le territoire neerlandais en deux 
parties bien distinctes: A l’est le grand cöne d’alluvions pleistocenes, tant soit peu intact 
au sud du paysage des interfleuves, mais transforme en relief glaciaire au nord, et & 
l’ouest de cette courbe de niveau d’un metre toute une serie de depöts holocenes recou- 
vrant la partie affaissee du cöne, lesquels composent le sol de la basse Ne£erlande! 


Dans son ensemble le sol neerlandais est donc tout jeune! Aux temps oligocenes la 
Neerlande &tait encore entierement couverte d’une mer marginale dont le fond en s’af- 
faissant fut peu ä peu comble par l’apport des rivieres. Les grands depöts de lignite d’äge 
miocene et pliocene que l’on trouve dans le Limbourg me£ridional le prouvent; mais plus 
au nord, la mer subsistait encore. Ce ne fut qu’aux temps pleistocenes que l’accumulation 
des rivieres prit le dessus et meme ä un tel degr& que malgre la subsidence continuelle un 
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enorme cöne de dejection a grande Epaisseur s’est forme, l’accumulation des apports de la 
Meuse et du Rhin se poursuivant sensiblement avec la m&me intensit& que | affaissement. 
Dans l’ouest du pays la partie inferieure de ce cöne est donc compos&e de depöts a facies 
littoral; ils representent le comblement du dernier golfe de la mer. Au nord d Amsterdam 
(Schoorl), dans le sous-sol des dunes littorales, ces depöts se trouvent ä environ 300 
mötres au-dessous du niveau de la mer, ce qui prouve l’affaissement du sol neerlandais. 
Une importante serie de d&pöts continentaux, toujours formes de sables, d’argile et de 
graviers, s’est accumul&e dans la zone d’affaissement. Ils correspondent aux depöts 
fluviatiles beaucoup plus minces qui recouvrent le plateau du Limbourg meridional. 

Les parties W et N du cöne de dejection sont recouvertes par toute une serie de 
depöts holocenes. A la periode de l’Holocene inf&rieur, la Mer du Nord en relevant son 
niveau envahit peu ä peu la partie occidentale de la Ne&erlande et la transforma en une 
mer peu profonde, oü des d&pöts marins, des sables fins, furent deposes. Peu apres, des 
depöts de sables marins en majeure partie d’origine fluviatile ont et& accumul&s sous 
l’action des vagues et des courants et ont form& les premiers cordons littoraux qui trou- 
verent un „point fixe” dans le pleistocene de l’ile de Wieringen. Derriere ce rempart qui 
&tait interrompu par des breches, se forma une sorte de lagune ä eau tranquille oü de 
l’argile marine, denommee „vieille argile marine”, se deposa. Lors d'un abaissement rela- 
tif temporaire du niveau de la mer d’environ 6 metres une grande tourbiere £paisse 
poussa dans toute la partie occidentale du pays. C’est une tourbiere haute par rapport A 
l'association vegetale; mais A cause de l’affaissement et du tassement posterieurs elle 
devenait quant ä son gisement une tourbiere basse. A la m&me epoque de vastes tour- 
bieres hautes poussaient dans certaines parties du paysage glaciaire, surtout & la fron- 
tiere nord-est et aussi au Noordbrabant (Brabant septentrional) dans le Peel. 


Lorsque le niveau de la mer se releva de nouveau, une partie des vieux cordons litto- 
raux fut d&molie et leurs sables meles aux sables du littoral formerent les ‚„jeunes cordons 
littoraux” en s’appuyant ä& la colline de moraine de fond de l'ile de Tessel. Ils furent peu 
a peu couronnes de hautes dunes. 


Le relevement relatif du niveau de la mer eut encore d’autres consequences: Dans le 
sud-ouest du territoire n&erlandais, la tourbe fut en grande partie enlevee par la mer qui 
deposa dans ces regions de la ‚„jeune argile marine”. 


Au nord-est de l'ile de T'essel les embouchures fluviales furent &largies par l’action 
de la mer et une partie des terres fut engloutie et la grande ‚Mer des Bas-Fonds” (Wad- 
denzee) s’y forma, deja avant l’&poque romaine. A une date plus r&öcente, les marees de 
cette Waddenzee, pönötrant dans les anciennes vall&es de I'IJssel et de la Vecht-Vlie, 
gagnerent le lac Flevo, situ& sur l’emplacement de la partie meridionale de l’ancien Zuy- 
derzee, actuellement l’IJsselmeer (le Lac IJssel). Ce lac Flevo qui debouchait dans la 
Waddenzee, s’etait peu ä peu agrandi comme tous les lacs situ&s au milieu de la tourbiere 
par l’action des flots sapant les rives instables. Ainsi se forma le Zuyderz&e par la fusion 
de deux parties d’origine tres differente; a la fin du moyen äge, il avait d&jä acquis ä peu 
pres sa forme actuelle. Depuis l’an 1932 une enorme digue (,Afsluitdijk”) reliant la 
tive frisonne ä lile de Wieringen (longue de 29625 m, large de 100 m ä la base, haute 
de 7.25 m au-dessus du niveau moyen de la mer) separe les eaux du Zuyderzee, devenu 
le lac IJssel, de la Mer du Nord. En outre on a entour& la partie nord-ouest et la partie 
nord-est du Zuyderzee par des digues-ceinture. En les &puisant, on en a fait de grands 
assechements; on les a mis en polders et ainsi on a gagn& dans le Wieringermeer et le 
Noordoostpolder une grande superficie de terrains arables au sol tres fertile. On vient 


de commencer les travaux d'un troisiöme assechement dans la partie sud-est de 1’IJssel- 
meer. 


LE PAYSAGE DES TERRASSES FLUVIATILES DE LA MEUSE DANS 
LE LIMBOURG MERIDIONAL (I) !) 


La Meuse en s’&chappant au nord de Liege de sa vallee encaissee dans le Massif 
ardennais-rhenan ä surface pliocene envahissait comme riviere divagante (“braiding river 
system” ) en plusieurs branches ramifises l’avant-pays de l’Ardenne, le Limbourg meri- 


1) Les chiffres romains correspondent a ceux de la legende de la carte adjointe. 
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dional, et y deposait ses apports. Cet avant-pays fut sureleve en möme temps que l’Ar- 
denne et par le creusement des vallees de la Meuse et de ses affluents le Limbourg 
meridional fut peu ä peu transform& en un paysage de terrasses, dont on a beaucoup 
discut& la formation (cf. BRUEREN, 1945 et VAN STRAATEN, 1946). Ce paysage de ter- 
rasses a des formes molles, le sol &tant recouvert par le loess. C’est la formation des 
„delles” qui a fait naitre ces faibles ondulations du terrain. Dans la partie sud les vallees 
coupent le sous-sol crayeux d’äge senonien, et m&me le carbonifere (vallee de la Geul 
tout pres de la frontiere belge). De belles vallees seches, des dolines d’effondrement, des 
sources vauclusiennes captivees comme prises d’eau trahissent le caractere karstique du 
sous-sol crayeux. Le site des grands charbonnages nous apprend que le charbon fait 
defaut tout au sud, oü le paysage agricole forme un grand contraste avec le pays minier 
plus au nord avec ses grands charbonnages qui sont pourtant entoures de champs labou- 
res. Aux temps carboniferes le territoire neerlandais faisait partie du grand cordon lagu- 
raire dans l’avant-pays des montagnes varisques; mais tout au sud la houille a &t& enlevee 
par la denudation post-varisque. Plus au nord la houille est extraite ä faible profondeur, 
mais l’&paisseur des couches surjacentes s’accroit de plus en plus vers le nord-ouest ä 
cause d'un affaissement &pirogenique et des effondrements le long de failles. 


Möme en plein coeur du Limbourg meridional l’existence de failles se trahit parfois 
dans le terrain; ainsi la faille moins importante de Kunrade au sud de Heerlen de direc- 
tion W-E. Elle a mis en contact des sables oligocenes et la craie de l’Übachsberg. Dans 
les sables oligocenes, non consolides, de petites tötes de vall&e ont cre& une depression, 
tandis que la craie perm&able non entamee par l’erosion est restee en relief et forme un 
escarpement de ligne de faille. L’Übachsberg porte quelques petites collines de sables 
oligocenes couronnees de d&pöts residuels fluviatiles de la pen£plaine pliocene. 


LE PAYSAGE DU CÖNE DE DEJECTION DE LA MEUSE ET DU RHIN AVEC°LE FOSSE 
CENTRAL COMBLE, ENTIEREMENT RECOUVERT DE „SABLES DE COUVERTURE’” (DANS 
LE NOORDBRABANT ET DANS LE LIMBOURG MOYEN ET SEPTENTRIONAL (II) 


A Sittard le paysage des terrasses finit brusquement par un rebord abrupt. Gräce ä 
l’emploi de la balance & torsion M. MAASKANT (1943) a pu donner la preuve exacte de la 
coincidence de l’abrupt avec la position d’une grande failie, la ‚„Feldbiss’'. C'est une des 
failles a grand rejet ä direction SE—NW qui ont cause l’effondrement du Fosse de la 
Roer, faisant partie du terrain d’effondrement du Bas-Rhin. Ce terrain est une region 
tres morcel&e, composee d’une serie de fosses avec des fragments moins abaisses, des 
„horsts’, laisses en saillie relative. La sedimentation collective de la Meuse et du Rhin 
et de leurs affluents a beaucoup amoindri l’effet morphologique du morcellement, mais 
il n’en a pas effac& completement les traces. Comme les autres failles de m&me orien- 
tation la Feldbiss est tres ancienne et a d&ja joue aux temps mösozoiques, mais elle a 
encore.ete tres active au Pleistocöne et au Holocene; elle a rejete de 30 m la terrasse 
superieure aux environs de Sittard. Le Fosse de la Roer se continue ä l’ouest de la 
vallee de la Meuse par le „Centrale Slenk’, le „Fosse Central”. Quand la Meuse pene- 
tre dans le Fosse on voit s’elargir non seulement la terrasse inferieure par exemple aux 
environs de Roermond, mais encore les alluvions holocönes. Apres avoir travers& le Fosse 
Central, la vallee de la Meuse se rötr&cit de nouveau; c'est que la Meuse penetre dans 
le Peel, une region avoisinant le Fosse Central du cöte nord-est mais beaucoup moins 
affaissee que celui-ci. Autrefois le Peel a ete considere comme un horst continue sur ter- 
ritoire allemand par le horst de Brüggen-Erkelenz, mais on a d&montre que le Peel 
n’est limite que du cöte SW par un fosse. Bien que l’affaissement du Fosse Central ait 
&t& compense par d’&normes apports de depöts m&me tres jeunes, le bord SW du Peel 
se releve sur le terrain en deux gradins en pente tres douce. Ces rebords sont indiques sur 
la carte geomorphologique adjointe simplement comme un escarpement de ligne de faille: 
parce que ces accidents de terrain ne peuvent s’expliquer que par l'action tectonique, cest- 
ä-dire par l’affaissement tres recent du Fosse Central le long de failles actives (la faille de 
Vechel et le „Peel boundary fault"), ce qui d’ailleurs a &te affirme par le fait que l’epi- 
centre du tremblement de terre de 1932 par ex. se trouve sur la grande faille bordant le 
bloc du Peel ä l’ouest. En comparant le thalweg de i’'Holocene inferieur au profil longi- 
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tudinal actuel de la Meuse, M. P. TescH (1941) a demontre qu’en cet endroit, le sol 
s’est encore affaisse tres recemment, puisque, pres de Wessem, dans le centre du Fosse 
Central la d&pression- atteint deux metres; l’endroit coincide avec la grande depression 
figuree par les courbes gravimetriques ä cet endroit (Geophysische dienst der Staatsmij- 
nen, 1949, annex 1; annex 5). 

Ainsi s’expligue que dans le massif du Peel le terrain houiller se trouve a une pro- 
fondeur assez grande, mais en partie accessible, tandis que dans le Fosse Central il se 
trouve ä une &norme profondeur et y est recouvert d’une grande &paisseur de couches 
mesozoiques, tertiaires et pleistocönes. Le Peel qui etait auparavant recouvert en majeure 
partie par une haute tourbiere tres vaste est actuellement dans sa plus grande partie 
defriche et mis en culture. Le compartiment du cöne de dejection, situ& ä l’ouest du Fosse 
Central forme le prolongement du bloc de la Campine belge. 

L’escarpement de faille formant la limite SW du Fosse Central pres de Sittard se 
prolonge de l’autre cöt& de la vall&ee de la Meuse dans le rebord NE de la Campine belge 
pres de Bree. Toutefois ce n'est plus la faille de la Feldbiss, mais celle de Rothem— 
Heerlerheide qui a cause l’affaissement de ce compartiment du cöne de dejection. Plus 
au NW, dans le Noordbrabant, la limite SW du Foss& Central formee probablement 
par des failles en combinaison avec des flexures ne se trahit plus dans le terrain. 

Les recherches r&centes de M. ZONNEVELD (1947) se basant surtout sur des inves- 
tigations sediment-petrologiques ont demontre& l’extension et la stratigraphie des diffe- 
rents depöts pleistocenes du Rhin et de la Meuse dans le Peel et dans les regions voisi- 
nes. Ainsi, tandis que dans le Limbourg m£ridional (en amont de Sittard) les depöts 
fluviatiles de la Meuse se trouvent superposes en plusieurs terrasses, ces depöts, m&les ä 
ceux du Rhin, forment en aval de Sittard le grand cöne de dejection, en comblant en 
möme temps le Foss& Central. Mais dans le Limbourg moyen et septentrional et dans le 
Noordbrabant [Brabant septentrional] ce paysage a dü endurer encore un autre com- 
blement. La derniere glaciation, Ja glaciation würmienne ou weichselienne, n’a plus 


atteint la N&erlande. Bien que dans cette periode le glacier.scandinave ne s’est avance 


que jusqu’au cours inferieur de l’Elbe, le climat de la N&erlande subit tout de m&me un 
grand refroidissement, amenant une vegetation de toundra et des sols geles. Dans ce 
climat periglaciaire des "sables de couverture’” furent deposes sous l’action de la soli- 
fluction, des petites rivieres, du vent et surtout des temp£tes de neige. Ces sables pas- 
sent au loess dans le Limbourg meridional. Ils ont recouvert la partie occidentale du 
Noordbrabant et du Limbourg moyen et septentrional et aussi les vall&es de la Meuse et 
des autres rivieres, en comblant & la fois le Fosse Central d'une couche extr&ömement 
epaisse. 

L’unique fleuve de cette partie de la N&erlande, la Meuse, a un peu encaisse sa val- 
lee et a form& pendant la periode holocene deux terrasses d’e&rosion. Dans le Limbourg 
septentrional la terrasse inferieure de la rive droite de la Meuse est bord&e sur territoire 
neerlandais par la terrasse superieure pres de Venlo et par la terrasse moyenne un peu 
plus au nord. 


Le relief du Noordbrabant reflöte donc faiblement la tectonique du sous-sol. En 
outre, les larges vall&es peu encaissees forment de faibles ondulations de terrain. Quel- 
ques petites rivieres du Noordbrabant occidental ont forme& des estuaires ä l’endroit de 
leurs anciennes embouchures dans la mer holocene dont les alluvionnements marins limi- 
tent les depöts pleistocenes au nord. A l'ouest cette limite est repr&sentee par un escar- 
pement raide dü & l’action des vagues et qui a peut-£tre figure pendant un certain temps 
comme rive orientale de l’Escaut. Actuellement cet escarpement ne forme qu’'un abrupt 
de hauteur mediocre &tant pour une grande partie cache sous les alluvions marines. 

Surtout le long des vall&es de dunes interieures formees de sables de couverture 
emportes des vallees par le vent rompent la monotonie de cette grande plaine descendant 
insensiblement jusqu’au paysage des interfleuves. 


LE PAYSAGE GLACIAIRRE (III et IV) 


Au nord des grands fleuves les traits morphologiques changent brusquement d’as- 
pect. En plusieurs endroits comme pres d’Arnhem, ä Wageningen, ä Rhenen, la rive 
droite du Rhin est formee par des abrupts que le fleuve a ronges dans les crötes de pous- 
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see glaciaire. On a constate que seulement l’avant-derniere glaciation, celle dite rissien- 
ne (ou de la Saale), a envahi le territoire neerlandais. Toutefois quand on regarde le 
relief du paysage glaciaire on decouvre que celui-ci se subdivise en deux parties bien 
distinctes: la partie septentrionale. dans la Province de Drente etc., que l’on pourrait 
designer comme un „paysage de moraine de fond” et la partie au sud de la vallee est- 
ouest de la Vecht que l’on pourrait denommer.un „paysage de cretes de poussee gla- 
ciaire. Il semble que l'inlandsis ait rencontre dans la partie nord-est de la Neerlande 
un terrain assez uni. Cette region appartenait d’apres M. H. BoissevAaın (1950) a une 
zone de subsidence et c'est la dans l’avant-pays des glaciers que les eaux de fonte, 
m&lees aux eaux des rivieres ont de&pos& des couches &paisses de sables et d’argile, creant 
ainsi un terrain uni. Le syst&me de ces „sables proglaciaires’' devient plus &pais vers le 
nord (20 & 30 m pres de Koevorden, 60 ä 70 m pres du littoral du nord). C'est sur ces 
depöts que les glaciers en progression, ayant compl&tement envahi les provinces du nord 
ont depose la moraine de fond. Elle est constituee par l’argile & blocaux (,„boulder- 
clay”). C'est une terre argileuse, entremel&e de cailloux d’origine nordique. A la fonte 
des glaces cette argile a blocaux a.&t& en majeure partie recouverte par des sables fluvio- 
glaciaires, qui plus tard, ä l’&poque würmienne, ont &t& en partie remues sous l’action de 
la solifluction, du vent, etc. Ainsi jusqu’ä la latitude de Koevorden, le nord-est de la 
Neerlande et plus specialement le plateau de Drente forme, ä l’exception des terrains 
holocenes avoisinants: 


le paysage de moraine de fond recouvert pour une grande partie par des sables fluvio- 
glaciaires ou par des „sables de couverture” (III). 


Le Hondsrug consider& auparavant comme une crete de poussee glaciaire forme le rebord 
est et la partie culminante du plateau de Drente. Il surplombe la large vallee pregla- 
ciaire de la Hunze, &rodee dans les sables proglaciaires et comblee par une mince couche 
de moraine de fond et par d’epais depöts plus recents. Elle est separ&e par une cröte de 
sables d'une vall&e situ&e plus & l’est en majeure partie sur territoire allemand. Une haute 
tourbiere (V) tres vaste s’est form&e en transgression dans ces deux vallees et ä& l’alentour 
du paysage de moraine de fond, mais la tourbe a &t& en majeure partie enlev£ee et les ter- 
rains ont et& mis en culture. 

Sur le plateau de Drente des vallees assez larges qui rayonnent de tous cötes font 
penser ä des vallees form&es par les eaux de fonte de l'inlandsis. Les fonds de ces val- 
lees sont recouverts de tourbe de marais. Dans la partie SE de Drente l’ancienne ville 
forte de Koevorden situ&e sur une langue de sables entre deux de ces vall&es marque le 
point, oü dejä aux temps pr£historiques se trouva la voie d’acces au plateau de Drente 
entre la grande tourbiere de l’est et celle de l'ouest. Actuellement on y passe pour visiter 
les terrains d’extraction du petrole. 


On retrouve la moraine de fond aussi a maints endroits du fond de l'ancien Zuyder- 
zee, par ex. dans le grand assechement du Noordoostpolder pres d’UÜrk. 


Il nous semble que la Vecht s’&coulait d’abord vers le nord et que, lors de la pro- 
gression des glaciers, elle a dü d&vier son cours inferieur vers l'ouest. Vu sa largeur (14 
km, tandis que le grand „Urstromtal”’ de ’Elbe a Lauenburg n’a que 10 km de largeur) 
et vu le surcreusement de la vall&e elle a dü figurer pendant un certain temps en vallee 
proglaciaire, par laquelle non seulement les eaux de la Vecht, mais aussi celles de l’Eems 
et d’autres rivieres allemandes trouverent une issue vers l'ouest. La vallee est tapissee d'une 
couche &paisse de moraine de fond, recouverte par des depöts fluvio-glaciaires et pas des 
sables de couverture qui remanies ga et la par le vent en dunes, effacent un peu le carac- 
tere de vallee proglaciaire. On a donc affaire ä une vallee proglaciaire ensevelie (VI). 

Au rebord sud du paysage de moraine de fond se trouvent quelques amas d’argile 
ä blocaux d’une öpaisseur plus grande que sur le plateau de Drente. M. BROUWER 
(1950) a voulu voir dans ces entassements de moraine de fond qui se retrouvent aussi 
dans le Gaasterland, a Wieringen et ä l’ile de Tessel une vraie moraine terminale qui se 
serait formee en rapport avec la vall&e proglaciaire a direction E—W de la Vecht. 
Mais dans cette maniere de voir il y a certains inconvenients a admettre que les glaciers 
en progressant vers le sud n’auraient pas enleve ces Eepais entassements. 
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Le paysage des cretes de poussee glaciaire (IV) 

Au sud de la Vecht ce paysage s’&tend jusqu’au pays des interfleuves; il est beau- 
coup plus accident& que le paysage de moraine de fond. 

Pendant que l'inlandsis scandinave augmentait de volume, la mer se retirait, elle 
perdait du terrain parce que ses eaux par l'intermediaire de la neige nourrissaient les 
glaciers. Le niveau de la mer s’&tait donc abaiss® et la ligne de rivage s’etait retiree vers 
le nord. Les rivieres en s’allongeant creuserent leurs vallees au sein du grand cöne de 
dejection, ainsi la branche principale du Rhin qui s’ecoula dans la vallee actuellement 
occupee par l’IJssel. Dans cette vallee le niveau glaciaire represente par le site de la 
moraine de fond se trouve ä Zevenaar ä environ 20 m sous le niveau de la mer, plus en 
aval ä Hummelo ä 50 m et ä Deventer a 80 m au-dessous du m&me niveau: la pente vers 
le nord de cette vallee preglaciaire accentuee peut-&tre encore par le surcreusement gla- 
ciaire &tait donc assez forte. Le m&me niveau glaciaire a &t& retrouv& en profondeur sous 
les vallees de la Dinkel, de l’Eems, de la Vecht et de la Hunze. T’outes ces vallees sur- 
creusses ont &t6 comme enfouies sous des dpöts glaciaires et des depöts plus jeunes. 


C'est ainsi que les vall&es et les depressions &taient prötes ä recevoir les lobes gla- 
ciaires de l'inlandsis en progression. Les lobes de glace remplirent d’abord les cuvettes 
les plus profondes. Ce sont celles qui &taient occupees jadis par les branches preglaciaires 
du Rhin, la vallee actuelle de l’Yssel et la Vallee gueldroise (Gelderse Vallei); et en outre 
la vallee de la Vecht superieure et de son affluent la Dinkel. Il faut encore y ajouter la 
cuvette moins profonde de Friezenveen occupee aux temps holocenes par une haute 
tourbiere qui est A pr&sent en majeure partie enlevee. Cette cuvette se prolongeait vers 
le sud par le bassin fluvial de la Regge superieure. En remplissant ces cuvettes et ces val- 
lees la glace remania et refoula les sables et les graviers de la surface et pres de la fron- 
tiere allemande m&me des depöts tertiaires. Les parties marginales des d£pressions furent 
ainsi redress&es et formörent des cretes de pouss&e glaciaire, pouvant atteindre une hau- 
teur de 100 metres. Recemment MM. CROMMELIN et MAARLEVELD (1949) ont fait & la 
Veluwe des &tudes minutieuses du phenomöne de redressement de ces couches en mesu- 
rant les directions et les pendages. Ils ont observ& que ces directions sont orientees paral- 
lelement aux bords des lobes glaciaires. En outre M. DE WAARD a su fixer le site de 
quelques lobes secondaires en de&terminant la direction de l’axe principal des galets de la 
moraine de fond. Car, quoique la surface des cretes de poussee glaciaire ne porte qu'un 
recouvrement Eparse d’elements scandinaves, la moraine de fond fut deposee dans toutes 
les depressions. 


La glace apres avoir accentu& les cuvettzs et apres les avoir remplies, les deborda et 
couvrit aussi les cretes de poussöe glaciaire. Ainsi peu ä peu l'inlandsis envahit toute la 
Neerlande jusqu’aä la region des interfleuves et alors le Rhin et la Meuse et d’autres 
rivieres ayant trouv& leurs vallees bloqu&es vers le nord par les glaces en progression, durent 
chercher un &coulement vers l’ouest. Elles formerent alors la grande vallee proglaciaire 
actuellement occup&e par les interfleuves et puis elles gagnerent la Manche par une val- 
l&e qui fut le precurseur du Detroit de Calais. Les glaces en penetrant en amont de Nijme- 
gen (Nim&gue) dans la valllee du Rhin, formerent dans un dernier effort la grande 
cr&te de poussee terminale qui s’&tend de Nim&gue par Cleves, Xanten jusqu’aux abords 
ouest de Duisburg. Le Rhin s’ecoula alors par une vallee proglaciaire occupee aujourd’hui 
par la Niers, ce qui est prouve par les materiaux que le Rhin y a d&poses ä cette &pogue. 


Il est evident que des sables fluvioglaciaires ont &te d&poses par les eaux de fonte 
comme plaines de lavage (sandr, outwash) dans les depressions et sur les flancs des 
eretes de poussee glaciaire; mais il est probable que la majeure partie de ces depöts a &te 
remaniee et deposee ä un niveau plus bas ou m&me ailleurs par l’effet de la solifluction 
et du vent dans la periode würmienne. Par la m&me cause tout le relief du paysage 
glaciaire a subi tant soit peu un aplanissement. Ces sables de couverture et les depöts des 
rivieres alluvionnerent ainsi les vallees et les depressions entre les cretes de poussee 
glaciaire et aussi la grande vall&e proglaciaire du Rhin et de la Meuse et celle de la Vecht, 
tandis quiils forment le soubassement des formations holocenes des polders dans la partie 
ouest du territoire n&erlandais. Dans les vallees l’erosion holocöne a enlev& une grande 
partie de ces sables ou sables graveleux, de sorte qu'ils se presentent sous forme de bas- 
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ses terrasses (‚terrasse införieure”), bien que seulement dans les vallses preglaciaires 
qui ont ete r&occup&es par les rivieres, comme celle de l’Yssel, celle de la Meuse du Lim- 
bourg, celle du Vieux IJssel etc. Apres le retrait des glaciers les eaux du Rhin ne se 
sont plus &coulees par la Vallee gueldroise. Un autre effect du climat periglaciaire du 
Würm sont les phenomenes de cryoturbation qui sont tres r&pandus dans les depöts 
pleistocenes, tandis que par exemple a la Veluwe dans les sables du sous-sol gel& des 
vallees furent erodees qui forment actuellement des vallees seches. 


Les sables de couverture ä facies &olien ou niv&o-£olien voilent donc de grandes par- 
ties du territoire n&erlandais; ils passent vers le sud ou loess. Dan la p£riode tardiglaciaire 
la nappe phreatique s’etait fort abaissee A cause du degel du sol et parce que l’altitude de la 
mare moyenne £tait alors 100 me£tres au-dessous du niveau actuel; Amsterdam se trou- 
vant alors ä une distance de 450 km du rivage de la Mer du Nord. Ainsi les sables de 
couverture actionnes par le vent formerent des sables mouvants de grande &tendue. En 
plusieurs endroits par exemple a la Veluwe, ils ont &t& transformes en dunes interieures. 


LE PAYSAGE DE LA GRANDE VALLEE PROGLACIAIRE ENSEVELIE DU 
RHIN ET DE LA MEUSE (VII) 


La grande vallee proglaciaire fut donc comblee par des depöts würmiens. On a 
reconnu les depöts des branches divagantes du Rhin du Pleistocene sup£rieur ä la sur- 
face, quoique couverts par une mince couche limoneuse, dans la vall&e proglaciaire de la 
Niers actuelle au sud de la cröte de pouss&e glaciaire de Nijmegen et au sudouest de 
Nijmegen dans la grande vall&e proglaciaire, tandis que le m&me systeme form& par un 
ancien bras du Rhin se retrouve, quoique recouvert par de l’argile fluviatile plus recente, 
dans la vallee de l’Oude IJssel (Vieux Yssel). Il est tr&s probable que ce paysage des 
rivieres divagantes (Vlla, braiding river system’) se trouve quoiqu’enseveli a maints 
autres endroits dans les alluvions würmiennes du Rhin. D’autres restes de la plaine 
de remblaiement würmien forment une bande sableuse dans l’interfleuve entre la Meuse 
et le Waal, tandis qu’ä divers endroits de la grande vall&e proglaciaire de petits ilots 
sableux (,‚donken’) surgissent au milieu d’alluvions plus jeunes. Le paysage des rivieres 
divagantes de la partie tout ä fait orientale de la grande vallee proglaciaire plonge vers 
l'est sous les alluvions holocenes de la Meuse et du Rhin, c'est ä dire sous le paysage 
des levees naturelles et des cuvettes (VIIb, „levee and basin landscape’, ‚oeverwallen- 
en kommenlandschap’'). Ce paysage-ci a et& forme par des rivieres ä m&andres qui ont 
dress& des berges naturelles composees de materiaux sableux ou argilo-sableux des deux 
cötes du lit, tandis que dans les grandes cuvettes entre les berges des differentes bran- 
ches s’est depos&e l’argile tres lourde des inondations. Plus a l’ouest les cuvettes d’argile 
sont plus allongees et les deux berges de rivieres colmatees ne faisant qu une unite 
(„stroomrug’') sont recouvertes par des depöts d’argile fluviatile. A certains endroits 
aucun accident de terrain ne trahit leur existence ä la surface et alors les depöts de ces 
rivieres disparues ne peuvent ötre dömontres qu ä l’aide de sondages. C'est de cette fagon 
que M. T. Vınk (1926) en a fait la d&couverte. 

Le paysage de la Grande vallee proglaciaire est situ& ä la cote de 16 m ä.la frontiere 
allemande et descend jusqu’a la cote O pres de Gorkum. Tout ce terrain trouverait son 
ecoulement normal dans les rivieres, si toutefois une grande partie de ces terrains n'etait 
situ&e plus bas que le niveau moyen des rivieres qui l’entrecoupent. Il semble probable 
qu’autrefois ces terrains s’elevaient davantage au-dessus des rivieres, mais quapres 
l’erection des digues, les rivieres, exhaussant leurs lits, ont fait monter le niveau moyen. 
La majeure partie des terrains au nord du Rijn et de ceux qui longent I'Yssel deversent 
leurs eaux par voie naturelle; mais les terrains situes plus bas que le niveau moyen de la 
riviöre leur servant de deversoir ont &t& mis en polders. En certains cas il faut m&me avoir 
recours ä l’Epuisement artificiel. 


LA BASSE NEERLANDE 


C'est surtout dans cette partie du territoire neerlandais que l’on trouve les traces 
du travail assidu de l’homme dans sa lutte atroce contre les eaux, ä un tel point m&me 
qu'il est assez difficile d’y retrouver les traits du paysage cre& par les forces naturelles 
(cf. BEEKMAN, 1932). Cette lutte accusait un tout autre caractere dans le pays des tour- 
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bieres basses du centre de la Neerlande occidentale que dans les terrains d’alluvions 
marines du sud-ouest et du nord des Pays-Bas. Au pays des alluvions marines il fallait 
surtout se defendre contre la violence de la mer et lui arracher les jeunes alluvionnements 
marins, tandis que dans | 


le paysage des tourbieres basses (VIII) 
la plus grande difficult& fut celle d’&vacuer le surplus d’eau. 


Il semble probable que dans le 7e ou 8e siecle tout le pays des basses tourbieres £tait 
situ& A peu pres au niveau de la mer, et que seuls les terrains pres des dunes et ceux 
confinant aux terrains pleistocenes de l’est se relevaient un peu, de sorte qu’en temps de 
crue, tout le pays n’etait qu’une flaque d’eau. On commenga alors a construire des 
digues pour se proteger contre les invasions de la mer dans la partie septentrionale du 
Zuyderzee et dans le 13e siecle on construisit aussi des digues le long des estuaires des 
grandes rivieres et le long de leurs affluents. Puis on a construit des barrages (— dam) 
ä l’embouchure des rivieres ayant leur origine dans la tourbiere, les transformant ainsi en 
eaux stagnantes. Ce fut l’origine des villes d’Amsterdam (Amstel), Rotterdam (Rotte), 
Zaandam (Zaan) etc. Le pays des tourbieres basses &tait donc situ& dans un cul-de-sac 
entre les dunes et les digues. Aussi fallait-il y creer un drainage tout-ä-fait artificiel pour 
empöcher que pendant la saison des pluies tout le terrain ne füt noye. Dans les digues et 
les barrages on construisit des &cluses de deversement et des vannes pour faire &couler 
l’eau dans les grands fleuves aux moments des mar&es basses. Mais peu ä peu ce pays 
de tourbe s’affaissa par le tassement; le niveau de la mer et des grands fleuves se releva . 
encore et la Hollande au sud de I'I] n’&tait plus qu’un grand marais se transformant en 
lac pendant tout l’'hiver. En l’an 1300 les terres d’argile marine de Westfriesland (dans 
la Neerlande occidentale) &taient dejäa tout ä fait entourees de digues, situ&es actuelle- 
ment au milieu du pays; ces digues sont donc devenues des digues dormantes (= slaper- 
dijk). IIn'y avait alors au nord de Westfriesland que le cordon ebröche& des dunes, tandis 
qu’au sud trois grands lacs, le Purmer, le Schermer et le Beemster se trouvaient en com- 


munication ouverte avec le Zuyderzee. Ces communications ont et&’ferme&es, la derniere 
en 1401. 


C'est probablement au 14e siöcle que l’on commenca en Hollande a entourer de 
petits terrains par des quais et de couper ces terrains par des fosses et des rigoles. 
C’etait la naissance des premiers polders! Quoique ces fosses pussent contenir une quan- 
tit&e d’eau plus grande, il fallait tout de m&me &vacuer- le surplus. On le fit d’abord au 
moyen de petits moulins, mis en mouvement par la main d’homme ou par des chevaux, 
tandis qu'au commencement du 15e siecle les moulins ä vent furent introduits et mis en 
action. Le caractere essentiel d'un polder se trouve dans le fait que toutes les eaux du 
polder sont isolees de celles des regions avoisinantes, de sorte qu’on est en &tat d’y regler le 
niveau des eaux. Vers le milieu du 16e siecle, on commenca ä entourer de petits lacs au 
nord d’ Amsterdam par des quais, apres quoi ils furent asseches (assechements), coupes 
par des fosses et mis en polders. Au siecle suivant on assecha aussi les grands lacs au 
nord d’ Amsterdam et aussi les lacs au sud de I’IJ, dont les fonds de „vieille argile 
marine” forment des sols tres fertiles. Dans cette rögion on avait pratiqu& dejä depuis 
le moyen äge l’extraction de la tourbe pour le chauffage, ce qui avait donn& naissance ä 
de grandes flaques d’eau ä bas niveau. A l’instar des grands lacs au nord d’Amsterdam, 
ces flaques d’eau s’etaient agrandies peu ä peu en sapant leurs rives de tourbe, Les 
assechements sont donc des polders formes par l’&puisement soit d’un lac naturel, soit 
d’une flaque d’eau qui doit son origine ä l’extraction de la tourbe. Parmi les grands 
assechements du 19e siecle ä niveau tres bas, il faut citer le Zuidplaspolder ä l’ouest de 
Gouda et le Prins Alexanderpolder ä l’est de Rotterdam, dont la surface se trouve de5 ä 
5.75 meötres au-dessous du niveau de la mer. Le plus vaste de tous les lacs de la Hollande, 
le Haarlemmermeer, d'une superficie de 18520 ha, s’etait form& de la fusion de trois lacs 
par l’abrasion des rives. On construisit d’abord une digue de ceinture bordee d'un canal 
(Ringvaart); puis on l’epuisa durant les annees 1848—1852. Ces grands assechements 
n’ont pu se r&aliser qu’& l’aide de machines de plus grande capacite que les moulins ä vent. 
Aussi, depuis le milieu du 19e siecle, on a bäti de grandes machines d’epuisement ä 
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Two years ago, Shell commissioned the first distillation unit at Cardon, Venezuela and it has bee 

omstream ever since. The process pumps operating in this distiller — along with units fe 
ermal cracking, gas tail, high vacuum and other sections of the refinery, which went ini 
operation shortly afterwards, were supplied by Sigmunds. 


Now te second distillation unit has been put in hand, and once more Sigmund are 
\ Ssponsible for the pumps. This new contract raises the total of Sigmun 
mping equipment at the Cardon refinery to over 20,000 h.p., in a plant whic 
aß\have an intake of crude oil in the region of 140, 000 barrels a day whe 
je additional distillation unit is completed — sufficient to provide over 


The processpumps- some 
of them for operating 
temperatures of 900°F— 
others made in 18.8.3. 
stainless steel, are 
typical products of the 
Sigmund organization, 
Designed and engineered 
in one of the finest 
pump plants in the world, 
and, like all Sigmund 
pumps, built to give 
real service. 


1. Group of single stage 
slurry pumps type HO-N 
in catalyticcrackingunit. 


R.Group of hot oil 
pumps of a total output 
of 3,000 H.P. 
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vapeur; plus tard on installa des moteurs ä gaz et depuis le commencement du 20e siecle 


on eut de plus en plus recours aux &puises &lectriques, dont on se sert aussi pour d&char- 
ger les polders de leur surplus d’eau. 


LI) actuel est le reste d’un large golfe du Zuyderzee endigu& au pays des tour- 
bieres. Il s’&tait agrandi sous l’action des marees; la tourbiere y avait &t& d&molie par 
l'action des vagues, mais par contre de l’argile marine s’y &tait d&posee. De 1865 ä 1872, 
on a creuse au milieu de I'IJ le Noordzeekanaal (Canal de la Mer du Nord) avec les 
grandes Ecluses d’IJmuiden; on a ferm& la communication de I'IJ] avec le Zuyderzee par 
un barrage a &cluses et on a gagne& les IJ-polders, en &puisant les flaques d’eau entre les 
anciennes digues de I'I) et les nouvelles digues du Noordzeekanaal. 


Il va sans dire que le caractere du paysage naturel de cette region a &t& fortement 
modifie par le travail gigantesque que les habitants de ces terrains situes si bas ont fait 
pour les transformer en un pays polderien habitable. Cela se voit de suite, quand on täche 
de poursuivre le paysage des levees naturelles et des cuvettes de la grande vallee progla- 
eiaire dans la region des tourbieres basses. Dans la partie orientale la tourbe est encore 
recouverte d'une mince couche d’argile fluviatile, mais plus ä l’ouest la tourbe est ä la 
surface. Par le tassement de la tourbe caus3 par la descente artificielle de la nappe 
phreatique par le drainage une inversion de relief a eu lieu. Les levees sableuses furent 
moins atteintes par le tassement que la tourbe et resterent en saillie, sp&cialement les lits 
entierement colmates entre les berges des rivieres mortes. On a donc affaire ici ä 
un paysage de levees naturelles ä relief inverse (Vllla). 


Parfois la tourbe a completement envahi les levees et a voil&e entierement le relief. 
Quelques rivieres du systeme du Rhin ont r&ussi A soutenir leurs cours au milieu de la 
tourbiere croissante, par ex. la Vecht, la Hollandse IJssel (l’Yssel hollandaise) et le Oude 
Rijn (Vieux-Rhin) qui fut auparavant la branche principale du systeme est-ouest du 
Rhin. A l'ouest de la ville d’UÜtrecht il a form& un paysage de lev&es et de cuvettes mais 
plus ä l’ouest sa vallee a &t& transform&e en estuaire par les mar&es (VIIIb). Des deux 
cötes de cet estuaire de petits chenaux de mar&e ont pen£tre dans la tourbiere voisine et 
y ont depose de l’argile marine. A cause de l’ensablement de cette branche du Rhin un 
barrage fut construit a Wijk-bij-Duurstede d&jäa avant le 12e siecle et desormais le Vieux 
Rhin &tait devenu une soi-disant riviere d’eau stagnante; des lors le Lek devient la 
branche principale du Rhin. La Hollandse I]Jssel subit le m&me sort, lorsqu’en 1285 un 
barrage fut construit au point oü elle sort du Lek tandis qu’en 1862 elle fut en outre 
barree a Gouda, de sorte que seulement en aval de cette ville elle figure comme une 
large riviere & mar&e. Un autre effet du tassement de la tourbe se voit dans le fait que 
dans le paysage des tourbieres basses les rivieres ou les soi-disant rivieres a eau stag- 
nante s’elevent au-dessus des champs et des pres. C'est ainsi que sur les „rivieres’ qui 
traversent ce paysage on voit les bateaux en quelque sorte flottant dans l’air, tandisque 
tout bas, au pied des hautes digues, les fermes se blotissent (cf. la Rotte, mi-chemin 
entre Gouda et Rotterdam ou 's-Gravenhage (La Haye). 


L’ancien estuaire de la Meuse, le Helinium, fut completement modifie par de grandes 
invasions de la mer qui ont m&me dötruit tout le paysage des levees ä relief inverse du 
systeme de la Meuse. Ce fut entre autres le flux terrible du 18 novembre 1421 le „St. 
Elisabethsvloed” qui fit penetrer la mer jusgqu’au coeur du pays au sud de Dordrecht. 
Tres lentement l’alluvionnement prit le dessus et peu ä peu on regagna le terrain comme 
c’est le cas pour toute „l’ile de Dordrecht” et actuellement pour la majeure partie du 


Biesbosch. 


Les paysages des alluvionnements marines dans le SW des Pays-Bas (IX) 


Dans le Westland, la partie sud-ouest de la province de Zuid-Holland, qui quel- 
ques siecles avant le debut de notre £re constituait la rive droite de l’estuaire de la 
Meuse (IX b2), l’une de ces invasions de la mer provoqua le creusement d’un systeme 
de chenaux ä maree dans la tourbiere. En öchange de la tourbe enlevee, les chenaux de 
maree furent colmates de sables recouverts par une mince couche d’argile, ce qui donna 
lieu plus tard ä une inversion du relief ä cause du tassement extr&me de la tourbe. C'est 
ainsi que l’on trouve de la tourbe sous une couche d’argile dans les cuvettes. La partie 
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occidentale de ce paysage d’ingression marine ä relief inverse (XI a 1) a ete recouverte 
d’une couche d’argile plus jeune, le „Westlanddek’ (couverture du Westland, IX b3), par 
une nouvelle transgression de la mer entre le 4e et le 9e siecle (VAN LIERE, 1948). 


Ce m&me type de paysage d'ingression marine ä relief inverse se retrouve dans les 
vieux noyaux des iles (IX a2) dans la partie sud-ouest des Pays-Bas. Auparavant la 
grande tourbiere s’&tendait jusqu’au delä de la frontiere belge. Dans ce pays tourbeux 
l’Escaut et d’autres riviöres cherchaient une issue vers la mer. Mais peu a peu les em- 
bouchures et les cours d’eau s’elargissaient par l’action des marees et une grande partie 
de ce paysage fut engloutie par la mer, tandis que dans les iles Epargnees par la mer 
devastatrice la tourbe fut enlevee dans les chenaux de mare et fut remplac&e par le 
sable. C’est ainsi que par le tassement de la tourbe un paysage dingression marine & 
relief inverse se constitua dans ces anciens»noyaux (IX a2). On a täche de regagner ce 
que la mer avait pris. Au 7e ou 8e siecle, on commenga a entourer les plus hautes 
„schorres’' d’une digue, formant ainsi de petits ilots; en suite les alluvionnements au pied 
des digues furent successivement endigues. Ainsi les endiguements d’äge divers se succe- 
dent et ont cree les iles de l’archipel zelandais ainsi que quelques-unes des iles situ&es dans 
la partie meridionale de la province de Zuid-Holland. Durant les derniers siecles les iles 
en s’unissant d&croissent en nombre. Ce fut le merite de Mad.elle Vıam (1942) d’avoir 
d&couvert ä l’aide d’une multitude de sondages ce paysage d’ingression marine ä relief 
invers& dans les vieux noyaux des iles. 

En Zeeuwsch-Vlaanderen (la Flandre Zelandaise) le grand estuaire du Braakman 
et le grand nombre de criques endiguees nous rappellent que cette partie du territoire 
neerlandais a &t& excessivement modifiee par des invasions et transgressions marines 
successives. 

Dans la partie NW du Noordbrabant la tourbiere a Ete recouverte par une serie 
d’alluvionnements marins, constitues de sables et de l’argile. M. TuınsTRA (1951) a de- 
montr& que les crigques que l’on voit encore actuellement dans le paysage existaient deja 
avant la formation de la tourbiere et qu’elles figuraient comme chenaux de maree aux 
temps des inondations marines. 


Le paysage des plaines d’alluvionnements endigues au nord des Pays-Bas (X) 


Les terrains situ&s au nord de Westfriesland (dans la N&erlande occidentale) doivent 
leur origine aux endiguements d’alluvions marines, des sables et de l’argile. Les plaines 
d’alluvions marines dans les provinces de Friesland et de Groningen ont un tout autre 
caractere morphologique que ceux de la partie SW des Pays-Bas. La tourbe fait defaut 
dans le sous-sol et il est donc probable que cette region n'a jamais fait partie de la grande 
tourbiere hollandaise. Mais dans le NW de la province de Friesland une inversion de 
relief qui n'est par due ä la presence de tourbe a quand-m&me 6&t& constatee par les recher- 
ches de M. J. P. BAkKER et ses ötudiants (1949). Ils ont donn& la preuve de l’existence de 
plusieurs phases de transgression marine. Lors d’une petite regression une inversion de 
relief eut lieu par le tassement differentiel des depöts sableux remplissant les chenaux 
de maree et des bancs formes d’argile marine. Mais la situation est des plus compli- 
quees, parce qu’ ä l’occasion d’une nouvelle transgression, des chenaux se formerent dans 
les depressions argileuses qui formaient les endroits culminants avant l’inversion du relief. 
Or, les vieux et les jeunes chenaux de maree remblayes se trouvent ä des places diffe- 
rentes. Une autre interpretation posee par les pedologues de la „Stichting voor Bodem- 
kartering’' (cf. EDELMAN, 1950, p. 134) serait que ces elevations tres basses du terrain 
seraient formees ä linstar de celles du nord de la province de Groningen comme des 
cordons de „schorres” (coastal ridges). Au nord de cette zone se trouvent des alluvion- 
nements tout jeunes. 


A l'occasion d'une de ces ingressions marines la mer envahit les embouchures des 
rivieres, Boorndiep, Lauwers, Hunze, Fivel et Eems et les transforma peu ä peu en de 
vrais estuaires, le „Friese Middelzee', le Lauwers etc. 

Le paysage dunaire (XIII) 


Nous avons deja constate l’existence de deux types de paysage dunaire: le paysage 
des dunes anciennes et le paysage des dunes recentes. Les jeunes hautes dunes cötieres 
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servent de remparts contre les invasions de la mer, mais ä certains endroits il y a des 
bröches et l’on a dü y eriger des digues. A l’est des jeunes dunes se trouvent les dunes 
anciennes accumulees sur les cordons littoraux anciens; il est probable que ces dunes ont 
toujours eu un relief bien faible. L’estuaire du Vieux-Rhin coupe le paysage dunaire, et 
les marees penetrant dans les depressions entre les cordons littoraux y deposerent de 
largile marine qui fut & son tour recouverte de tourbe de marais dans les parties les 
plus basses. 
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OUTLINE OF THE GEOLOGIC HISTORY 


OF THE NETHERLANDS 
by A. J. PANNEKOEK 
Geological Survey of the Netherlands. 
INTRODUCTION 


The geological evolution of the Netherlands is in its main trends determined by the 
situation of the country in relation to the surrounding geologic units. In the South it is 
barred by the Brabant mass (fig. 1), consisting of Cambro-Silurian formations, which has 
acted as a rigid block at least from the Carboniferous period onwards. This mass also 
sheltered the country from the Variscan orogeny, the main zone of which passes south 
of the Brabant mass. Throughout the later Paleozoic and the Mesozoic the Netherlands 
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was part of a sedimentation basin, extending from Northern Germany into England, 
though sedimentation may have been temporarily interrupted, especially on some regions 
of uplift within the basin. Several phases of the Saxonic orogeny, which affected North- 
western Germany, were active here too, the main folding occurring at the end of the 
Mesozoic. 

During Tertiary & Quaternary times subsidence and sedimentation again continued; 
in the SE the fault tectonics, which were already active during the Mesozoic, revived 
during the Tertiary. The Central Graben may be considered as a branch of a great rift 
system crossing Europe from the Mediterranean towards the North Sea and Scandinavia. 


During the end of the Tertiary and the earlier Quaternary the borders of the sedi- 
mentary basin coincided more or less with the present frontiers of the country; as a 
consequence almost throughout the country nothing but Quaternary sediments are now 
exposed at the surface, and the scarce outcrops of Tertiary, Mesozoic and in one case of 
Paleozoic are confined to a narrow zone along the eastern frontier and to South Limburg, 
the SE extension of the country. Most of the knowledge of the older formations is there- 
fore derived from borings. Though this paper is intended for foreign oil geologists, it 
has in the first place to be an explanation to a geological map, presenting hardly any 
deposits older than Quaternary; accordingly we are compelled to treat the Paleozoic and 
Mesozoic, and to a certain degree also the T'eertiary, in a very superficial way only. 


PALEOZOIC AND MESOZOIC DEVELOPMENT 


Pre-Devonian and Devonian 


The Brabant mass extends at two places into the present territory of the Nether- 
lands though actually it has not been reached here by borings. Those places are the SW 
(province of Zeeland), where its presence is inferred from a boring in Belgium near the 
Dutch frontier, and South Limburg, where the eastern plunge of the mass crosses the 
present frontier. 


The southern zone of the Netherlands is formed, generally speaking, by the flank of 
the Brabant mass, dipping gently northward. This flank is covered by some Devonian, 
disclosed in borings in Belgium, Carboniferous and Senonian. Towards the North other 
formations are gradually intercalated between the latter (Permo-Triassic, Jurassic and the 
remaining part of the Cretaceous), until the central part of the basin is reached. Their 
present extension is moreover influenced by fault tectonics, as in the grabens they appear 
to extend farther southwards than on the horsts (fig. 1). 


Carboniferous 


The oldest formation actually known in the Netherlands is the Carboniferous. The 
Lower Carboniferous (Carboniferous Limestone) has been reached by borings only at 
some places on the north flank and on the eastern plunge of the Brabant mass. 


The Upper Carboniferous, however, is known from many places and probably ex- 
tends in the subsoil throughout most of the country in great thickness (some 3000 m and 
more). Both the Namurian and the Westphalian are present, the latter with coal seams. 
The stratigraphic units into which it has been divided by means of the marine inter- 
calations, the flora and the fauna, can be traced over great distances. 

The Carboniferous occurs at favourable depth on the north-eastern flank of the 
Brabant mass in the Belgian Campine and the Netherlands’ South Limburg, where it has 
given rise to an extensive mining industry. It is cut. off in the North by the deep Central 
Graben, but on the other side of the latter it continues in the Peel horst. | 


Other places where the Carboniferous has been disclosed by borings are the East 
Netherlands Triassic mass (fig. 1), the West Netherlands uplift near Zaandam (north 


5 a and the northern flank of the Brabant mass in the SW (boring Steen- 
ergen). 


| 


After the deposition of the Westphalian the main Variscan orogeny must have taken 
place, which caused Stephanian and Lower Permian deposits to be absent. The presen 
Netherlands remained outside the main folding belt (except for the southeasternmost ti 
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Fig. 1. Tectonical position of the Netherlands. Scale 1 : 2.500.000. According to Van Waterschoot van 
der Gracht, De Sitter, A. J. Mulder, Kukuk, Lögters and others. 


of South Limburg), and accordingly the Carboniferous has probably not or only slightly 
been folded by this orogeny, as far as is known at present. 


Permian. 

During the Upper Permian (Zechstein) marine sedimentation was resumed; the 
centre of the basin extended along the eastern frontier, where thick beds of rock salt 
with anhydrite and limestone were deposited. In this formation the first oil was found in 
1923 near Winterswijk, though not yet in workable quantities, and recently gas fields 
were discovered near Coevorden and, on German territory, at Bentheim. The salt deposits 
extend far to the North as is proved by the salt domes found both in Northern Germany 
and recently also in the Netherlands. 

Towards the SW the thickness greatly diminishes and rock salt disappears, as in the 
Peel region. These parts may have formed marginal zones nearer to the coast of the basin. 
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Triassic i 
The Triassic is best known in the East Netherlands Triassic Mass, which consists 
mainly of lower Triassic, in the facies of the terrestrial Bunter sandstone, with a thickness 
of 600-800 m and more. In the upper part of the formation, shales predominate, however, 
and more to the N and W this is the case in the whole deposit. The upper part contains 
a rock salt deposit worked at the Hengelo salt works. | 
The Middle Triassic, consisting of limestones and marls (Muschelkalk) is only thin 
on the East Netherlands Triassic Mass, which from that time onwards must have main- 
tained a relatively high position, as also later deposits, especially the Cretaceous, are 
thinner here than in the surrounding basins. VAN WATERSCHOOT VAN DER GRACHT 
thought it part of a N-S directed swell or zone of uplift (Erkelenz axis), dividing the 
Lower Saxony basin in the E and the Southern North Sea basin (the Netherlands) in 
the W. 


The Upper Triassic (Keuper) is not found at all on this mass but has been found in | 
borings in the deeper basins, and is probably extending southward in the great graben 


towards Belgium (fig. 1). 


In the western parts of the country Triassic has been found in several borings, but 


the series seems to be incomplete there too. 


Jurassic 


In the central folded belt Jurassic occurs at places in great thickness, mostly con- 


sisting of monotonous shales, claystones and sandy shales, with limestones in the upper 


part (Malm). On the anticlines much of it has been eroded during the ensuing Saxonic 
disturbances so that the thickness of the Jurassic is liable to strong variations. On the 


East Netherlands Triassic mass, for instance, only Lias is found and on the top of the 


Zaandam high the Jurassic is even absent. The same applies to the southern part of the 
Peel block, whereas in the adjoining central graben it extends far southward. 


Lower Cretaceous 


The Wealden, composed mainly of brackish and freshwater deposits, is transgressive 


at several places; it was also deposited on the East Netherlands Triassic block, though | 


only thin layers have been preserved, but more to the Northeast it becomes very thick. 


(up to 400 m and more); also in the West some of the Lower Cretaceous presents a 


Wealden facies. 


The Valanginian presents a sandy shore facies in the East and there constitutes the 


reservoir rock of the Schoonebeek oil field. Towards the W it becomes more fully marine | 
and clayey. Also the Hauterivian is sandy in the East, though the sands seem to extend | 


farther westwards. The Barremian, which is in the main clayey, presents great variations 
in thickness, owing to incipient folding movements; it is often absent in the East as a 


result of pre-Albian erosion. T'he same applies to the Aptian, which sometimes presents 


conglomerates, perhaps signs of contemporaneous disturbances. 
After the pre-Albian folding movements, which carried away parts of the deposits 


just-mentioned, the Albian (Gault), consisting of glauconitic clays and marls, again is | 


strongly transgressive. It overlies several Cretaceous and even Jurassic deposits. 
Upper Cretaceous 


The Upper Cretaceous is marked by quiet sedimentation mainly of limestones, marls‘ 


and chalk. Cenomanian and Turonian are mostly both present in the folded belt, except 
again on the East Netherlands Triassic block and on the West Netherlands uplift. 


During the Senonian finally the sea reached its greatest extension and overflowed 
almost the whole of the country. It transgressed far southward over the Lower Cretaceous, 


Jurassic and Permo-Triassic and finally, where the latter formations had been destroyed 
by erosion or not been deposited at all, over the Carboniferous of the northern flank of 
the Brabant mass and even over part of the Ardennes mountains. It is exposed in classical 
outerops in the hills of South Limburg (Maastricht), where it directly overlies the Car- 
boniferous. In het central and most of the western parts of the folded belt, however, most 


of it has been removed by the main folding phase, which ensued after the deposition of 
the Senonian. 


r 
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Although some earlier phases of Saxonic disturbances had already created certain 
structural trends, it is the post-Senonian phase which is mainly responsible for the final 
fold structure of the central folded belt. The structures generally consist of gentle to 
medium folds, though in some cases, especially near the rigid East Netherlands Triassic 
block, overthrusts occur of the same type as the Osning overthrust in Germany (fig. 1). 
In the NE, where the sedimentary cover is probably thickest, salt domes began to develop, 
as in the adjoining parts of Germany; their formation, however, mainly took place in 
Tertiary times. 


TERTIARY 
General 


During the Tertiary and Quaternary periods the Netherlands again formed part of a 
sedimentation basin, though several times sedimentation was locally or even completely 
interrupted. The centres of the basins and the adjoining uplifted borders, however, shifted 
in the course of time, and conditions may even have become reversed from one stage to 
another, a basin having turned into an uplifted region and vice-versa. The following 
pages contain several instances of these reversals. 


Besides these epeirogenic movements true tectonic movements of several kinds also 
took place during the Tertiary: first the fold-like after-effects of the Saxonic folding, 
occurring mainly during the Eocene, secondly the upthrusting of salt domes in the North, 
and thirdly the strong graben faulting, especially in the SE, which had already been active 
during the Mesozoic and revived during the later Tertiary and the Quaternary. 

On the eve of Tertiary times, the geological history of the Netherlands appears to 
have been more or less at a turning-point. In the greater, northern part of the country the 
main folding was completed, and a period of erosion and denudation had started, in which 
the folded region was being levelled. 

In the southern half of the country the beginning of the Tertiary is less conspicuous: 
there was no folding there, and the rift tectonics of the Peel region, which had influenced 
the Senonian and earlier Mesozoic sedimentation, seem to have temporarily slowed down. 


Palaeocene 

In the Palaeocene sedimentation set in, though rather tentatively. Only in the Peel 
region is there a considerable thickness of mostly clayey and sandy sediments, partly 
lacustrine, partly brackish and littoral. In the remaining parts of the country the Palaeo- 
cene is only a thin deposit of terrestrial or littoral sediments, and along the eastern border 
the Palaeocene is now almost lacking in most places, though some of it may have been 
removed before the Eocene transgression. . 


Eocene 

In the Eocene conditions were for the greater part reversed: the Peel region, where 
Palaeocene deposits are thickest, seems to have emerged during the Eocene, and a great 
amount of erosion took place in the SE part of the country, whereas the East, where no 
Palaeocene occurs, was, during the Eocene, part of a sedimentation basin, where at least 
280 m of sediments were deposited (fig. 2). 

The SW was also part of a basin, with deposition of some 400 m of Eocene (boring 
Woensdrecht), continuing into the Belgian Eocene. However, contrary to expectations, 
the western part of the country, along the North Sea, appears to have been a region of 
uplift during the older Tertiary, with only intermittent and scarce sedimentation on it 
(fig. 2, section II). The old idea of a continuous basin in the Southern North Sea, with 
Tertiary sediments increasing in thickness towards the centre, has had to be abandoned. 

Of the three subdivisions of the Eocene the lower (Ypresian sensu latu) seems to be 
the thickest and most extensive. It consists mostly of clays, sometimes of brackish origin, 
and in the East it is up to 200 m thick. In the SW it resembles the Belgian deposits, and 
it is covered by the Paniselian sands. Of the three subdivisions, the lower Eocene extends 
farthest westward, though in het centre of the western uplift there is no Eocene at all. 

The Middle Eocene (Lutetian, or Bruxellian + Ledian) is generally sandy in the 
SW, like the Belgian deposits; near the Belgian frontier it occurs not far below the sur- 
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face, though it does not outcrop. In large parts of the country it is absent, but the pro- 
vinces of Overijsel and Drente are parts of a Middle Eocene basin with generally clayey 
sediments up to 220 m thick. 


The facies in the SW was also related to that of the Belgian deposits during the 
Upper Eocene (Bartonian), whereas in the NE there is an incomplete series of mostly 
clayey deposits, with some extensions towards the centre of the country. 


Oligocene 


The Oligocene starts with a widespread regression: only in the SE may some 
Tongrian be found in brackish facies. During the Middle Oligocene (Rupelian), on the 
other hand, the Netherlands were part of an extensive transgressive basin, in which mainly 
clay was deposited, with some sands below and on top of it. Like the Belgian “argile de 
Boom” the clay is used for brick making in various localities in the East of the country, 
where it outcrops in places. It is absent in the extreme SW, thins out over the West- 
Netherlands uplift, and is even absent over the culmination between Delft and Gouda. 

The Upper Oligocene (Chattian) is regressive again; it is well developed in sandy 
facies of the SE, the Peel region, and in the adjoining parts of Belgium, with some exten- 
sions towards the central part of the country, where it is more clayey, but along the 
eastern border and over the western culmination it is absent, either by not having been 
deposited, or through later removal (section II). 


Miocene 

Regression was strongest during the Lower Miocene, no marine deposits being known 
with certainty either in the Netherlands or in Belgium. Only in the SE, in South Lim- 
burg, was there probably continuous sedimentation, the Upper Oligocene passing gradu- 
ally into terrestrial Lower Miocene. 

A considerable transgression again took place at the beginning of the Middle Miocene 
(Bolderian), clayey greensands and clays with a thickness of some 170 m at most being 
deposited over large parts of the country. In the East of the Netherlands there are several 
outcerops which have yielded many fossils, including Cetaceans. Both the sandy Hemmoor 
and the more clayey Dingden facies have been recognized. The Middle Miocene of con- 
siderable thickness even extends over part of the West-Netherlands uplift, though in the 
culminating part near Deift the Miocene is also doubtful and, if present, is no more than 
a thin cover. 

South Limburg forms an exception to the rest of the country, the Miocene there 
having developed as fluvial sands with lignite; the later is being worked in open pits. The 
terrestrial facies progressed slightly towards the N in the course of the Miocene age. 

The Upper Miocene (Anversian) is a continuation of the Middle Miocene and 
reaches a considerable thickness in places; its absence in many parts in the East of the 
country may be partly due to later erosion. 

It was during the Oligocene and especially during the Miocene that the great faults 
in the SE became increasingly active again (fig. 3). They are part of the fault system of 
the great lower Rhine embayment, and strongly influenced Mesozoic sedimentation. In 
the Senonian their movements appear to have been contrary to the earlier ones, the 
Senonian being thicker on some of the present horsts than in the grabens. During the 
first stages of the Tertiary the old trends of movement were resumed, at first on a limited 
scale in the Oligocene, increasing during the Miocene, most strongly only in the Pliocene 
and Quaternary (fig. 4). 


Pliocene 

The sea of the Lower Pliocene (Diestian), though perhaps somewhat transgressive, 
did not extend as far south- and eastward as the Upper Miocene one. Along the eastern 
margin and in the SE the Pliocene presents a terrestrial, fluvial facies. The marine depo- 
sits, moreover, are not very thick and are absent in some places, possibly owing to sub- 
sequent erosion. This is again the case in the central part of the West-Netherlands uplift. 

In the Middle, and even more in the Upper Pliocene, the stable and even rising 
tendency with occasional uplifts of the West-Netherlands block finally came to an end 
and gave place to strong subsidence. This part of the country then became a quickly 
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Fig. 3. Lower and lower Middle Pleistocene in the S. Netherlands. Scale 1: 1.500.000. Mainly 
according to Zonneveld, Van Straaten, Brueren, 'T’avernier, Crommelin & Maarleveld, and 
others. 


subsiding basin, in which sedimentation took place rapidiy. Near Amsterdam (boring Il- 
pendam) about 800 m of sediment have been deposited since the beginning of the Middle 
Pliocene, and nearly 600 m since the Upper Pliocene. T'he main axis of the basin seems 
to extend from the Northwest (borings Warmenhuizen, Ilpendam, etc., section I) through 
the former Zuyderzee, southwestwards to boring Harderwijk (section II). The amount 
of subsidence gradually diminishes to the E and S, so that marine Middle Pliocene occurs 
near the surface at Antwerp and at one spot in the SW of the Netherlands. 


Along the eastern frontier, North of the Rhine, Pliocene is even absent in most places. 
As the Oligocene and Miocene pass over this zone without much change of facies, we may 
infer that, contemporaneously with the subsidence of the West of the Netherlands, the 
eastern zone close to the German frontier again became part of a zone of uplift, a tendency 
continuing during the Pleistocene. It is for this reason that outcrops of Mesozoic occur 
only along the eastern margin, whereas, proceeding in a westerly direction Eocene, Oligo- 
cene, Miocene and lastly Pliocene are to be found in succession under a Quaternary 


cover of increasing thickness (fig. 2). Glacial contortions, however, have blurred this 
arrangement to a certain extent. 
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The marine Middle and Upper Pliocene (Scaldisian, Poederlian and Amstelian) con- 
sist largely of clayey sands and clay; southward however, the Scaldisian passes into an 
interesting littoral deposit, consisting largely of a breccia of shells, echinids, bryozoa etc. 
(boring Breda, see section III), in all respects an equivalent of the English Coralline Crag, 

The Upper Pliocene or Amstelian, which has been tentatively correlated to the Villa- 


Fig. 4. Two sections (III & IV) through the Pleistocene and Upper Tertiary of the SE Netherlands. Horiz. scale 1 
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franchian, should, according to the decision taken at the London International Geological 
Congress, now be reckoned to be Quaternary. A Villafranchian fauna has, in fact, been 
dredged from the Schelde estuary, but has unfortunately not yet been found in situ. 


In the SE of the country, where the Pliocene occurs in fluvial facies, it consists of 
sands and white gravels containing silicified oolites and the well-known Reuver clay 
deposit. During their deposition the Peel faults were active, so that on some of the sunken 
parts these sands and gravels have a greater thickness (up to 60 m; in the deepest grabens 
perhaps more) than on the uplifted blocks, where they are only thin or, through later 
erosion, altogether lacking (section IV). This continued to be the case during the 
Pleistocene. 

QUATERNARY 
Lower Pleistocene 

The character of at any rate the Lower Pleistocene differs greatly from that seen 
in most countries, where it is only a superficial cover of drift, more or less hiding the 
underlying solid rock. The Netherlands, however, as may be inferred from what was 
said about the Pliocene, continued during the Lower Pleistocene to be part of a subsiding 
basin rapidly filling up with sediments, so that in the NW the base of the Pleistocene 
(excluding the Villafranchian) probably lies at a depth of more than 400 m (section I). 
The sediments were partly marine and the coastline appears to have shifted several times 
within the confines of the country during the course of the Pleistocene. 


The first stage of the Pleistocene, according to the new delimitation of the Pleisto- 
cene, should be the Amstelian, which we have treated already under the Pliocene, to 
which it had formerly been assigned. Its cold molluscan and foraminiferal fauna points 
to a strong cooling of the climate. 

In the next stage the sea more or less transgressed and the thick marine lower 
Icenian was deposited, which extends farther landward than the marine Amstelian of the 
former stage. Owing to the strong subsidence it now lies buried far below the present 
land surface. During the following regression the fluvial sediments, forming a complex 
alluvial fan, extended further westward and gradually covered the marine sediments. 
These fluvial deposits contain the famous T’egelen clays with their rich fauna, to which 
this stage owes its name of Tiglian. The exact age of the clays is still a subject of con- 
tention; it is alternatively indicated as Günz interstadial or Günz-Mindel interglacial. The 
first view is supported by the fact that the fauna look definitely older than that of the 
Cromer Forest beds, which are considered t0 be Günz-Mindel interglacial; the warm 
character of the fauna, however, is considered by some to be not in accordance with an 
interstadial age. 

The fluvial Lower Pleistocene (Tiglian) occurs at or near the surface to the W of 
the Central Graben (fig. 3, fig. 4 section III) and it also nearly reaches the surface to 
the east of the latter, as e.g. at the T'’egelen clay pits (section IV ), whereas in the Central 
Graben it has sunk to greater depths. 


Middle Pleistocene 


From now on till the Holocene, non-marine sediments prevail in the Netherlands 
Pleistocene. Their deposition was strongly affected by tectonic movements, particularly in 
the SE part. On the one hand the SE rose intermittantly being a border zone of the uplift 
of the Ardennes and Rhenish Mountains, thus giving birth to a series of river terraces, 
on which coarse material was deposited; on the other hand the faults bordering the horst 
and graben structures of the Peel region were active, so that the sinking rift zones were 
filled with thick fluvial deposits, whereas the adjoining higher blocks on both sides bear 
only a thin cover of fluvial material, in many places visible at the surface (fig. 3 & 4, and 
geological map). 

By means of fossil molluscs, mammals, pollen analysis and sedimentary petrology the 
stratigraphy of these thick fluvial deposits has been more or less elucidated; they have 
recently been divided into the Taxandrian stage, coineiding more or less with both the 
Günz-Mindel interglacial and the Mindel glaciation, and the Needian, named after the 
Neede clay deposit, coinciding with the Mindel-Riss interglacial. During this last stage a 
small marine transgression occurred in some places in the West of the country. 
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Thick masses of clay and fine sands had been deposited in the North of the country, 
shortly before the advance of the ice sheet. T'heir origin is still not quite clear: there has 
been a suggestion of lakes dammed by the approaching ice, filling up deep erosion chan- 
nels or even a tectonic depression. 


Only once during the Pleistocene have the Netherlands been partly covered by the 
outer margin of the Scandinavian ice sheet; this was during the penultimate or Saale or 
Riss glaciation. This occurrence has had a great influence, though differing in various 
parts of the country, on the topography of the Netherlands. In the Northeast the country 
was covered by a ground moraine, consisting of boulder clay of varying thickness; some 
thicker deposits may coincide with halts during the advance or more probably, during the 
retreat of the ice. T'he outer margin, however, is marked by ridges of contorted beds of 
preglacial age, mostly belonging to the preceding older Middle Pleistocene fluvial 
deposits, but locally also to older deposits: Lower Pleistocene and Tertiary. These hills 
rise to more than 100 m and are a conspicuous feature in a country so lacking in relief. 
The contorted hills are arranged more or less in curved festoons, indicating former lobes 
of the ice-front (fig. 3 and geological map). 


The contorted hills are accompanied on their outer sides by fluvioglacial fans, 
deposited by melt water. On the official geological map other sand deposits surrounding 
those hills and occurring on the inner sides have also been indicated as fluvioglacial, which 
view has been opposed by others who consider them as younger Pleistocene sands. Since 
the problem has not yet been solved at all points the accompanying map follows the 
official geological map, though this does not mean that the view expressed by the map is 
always correct. 


Upper Pleistocene 

The interglacial following the disappearance of the ice sheet saw the sea make 
renewed inroads into the deep glacial channels. Here the marine Eemian was deposited, 
which in this country is only known from borings. 

The valleys not reached by the marine Eem-invasion were in the meantime gradually 
filled up by fluvial sedimentation ‚which continued during the last stage of the Pleistocene 
and resulted in the deposition of the lower river terraces in the southern part of the 
country. The final stage is sometimes marked by the deposition of a fluvial loam (not yet 
represented separately on the map but ranged under holocene fluvial and brook deposits). 

Finally, the last glaciation, though its ice sheet did not reach the Netherlands, never- 
theless strongly influenced the soil of the country. The cold climate and the poor tundra 
vegetation were the causes of all sorts of periglacial phenomena such as solifluction, 
cryoturbation and snowdrift. Through the latter agency wind-blown sands mixed with 
snow were spread out over the country, covering nearly all Pleistocene formations, 
whence their name of cover-sands. T'hey are generally no more than a film a few metres 
in thickness, not represented on the accompanying map; but their thickness may become 
considerable in places, especially in depressions such as the deep valleys left by the ice. 

In the same way as in the neighbouring countries, the cover sands seem to pass 
southward into loess, a fine-grained eolian deposit resembling a loam when weathered. 
"The South of the province of Limburg is the only part of the country extending. into the 
continuous loess-belt, apart from isolated deposits (e.g. on the hills near Arnhem and 
Nijmegen and elsewhere). As the loess is difficult to distinguish from weathering products 
of the cretaceous limestones it has been combined with these on the geological map. 

The climatic history of the last glacial period and of the gradual improvement of the 
climate during the late-glacial period has been more or less unravelled by means of pollen 


analysis. 


Holocene 

During this, geologically speaking, very short episode of the earth's history about 
half of the present surface of the Netherlands was formed. Sedimentation was in the 
main controlled by three factors: the sea-level rising eustatically after the last glaciation, 
though not uninterruptedly, the continued sinking of the western part of the country, and 
the variations in climate during this period. 


- 
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Towards the end of the latest Pleistocene phase (the late-glacial) eolian and fluvial 
sedimentation, which had probably spread out far into the southern North Sea, came to 
an end. In the western part of the country the Holocene started with the formation 
during the boreal substage of a peat layer on the Pleistocene land, which peat was 
eventually drowned by the Litorina-transgression, during which thick lagoonal deposits 
were formed. Only in the extreme SW do they reach the present surface (oldest Holo- 
cene on the geological map). 

In the West the basal peat now lies at a depth of some 20 m below sea-level; this 
figure is partly due to the eustatic rising of the sea-level, partly to the continuing sub- 
sidence of the land, which appears to have been considerable even during the last 8000 
years. This marine series ends with the deposition of the so-called “older marine clays” 
of early Atlantic age, behind a shore bar bearing the “older dunes”, which are still 
visible on the landward side of the recent dunes (see geological map). 

A slight sinking of the sea-level before Roman times enabled the vegetation to cover 
the greater part of the former lagoon and a thick peat formation grew up, which must 
have covered nearly the whole of the western Netherlands in Roman times and of which 
some parts have been preserved till the present day. 

After the Roman period the renewed rising of the sea-level caused a series of trans- 
gressions owing to which much of the former peat deposit was destroyed. T'he old dune 
ridges were not able to protect the peat region and, although new and higher dunes 
were formed, the gaps in the latter enabled the sea to invade the peat region and to form 
extensive lagoons and tidal channels in which the young marine clays and sands were 
deposited. Notwithstanding the continuous inroads of the sea man has succeeded since 
the early middle ages in keeping his foothold on the newly formed tidal lands, first by 
building mounds as refuges during floods, later by surrounding the land with dikes. Al- 
though destructive floods repeatedly threatened his existence, the reclamation of new 
land went on steadily, by regularly surrounding with a dike any part where sedimentation 
had reached a certain level. T'he former Zuyderzee (the present IJsselmeer) is in part a 
last remnant of this transgression, to be further reclaimed in the near future. 


In the meantime, however, man had caused extensive destruction in what was left of 
the inland peat region. Being of great value as fuel, peat was dug out over great areas 
down to the surface of the underlying “old marine clay’’, so that extensive but shallow 
lakes or ponds were created. From the 17th century onwards reclamation of these lakes 
was undertaken by pumping out the water. In this way the underlying fertile old marine 
clay could be turned into land Iying at a level of some 4 m below sea-level. 

A few words have to be said about Holocene deposits of the Pleistocene eastern and 
southern half of the country. We have to mention in the first place the extensive clay 
deposits of’the great rivers; for details about these deposits we may refer to the chapter 
on geomorphology. Secondly, there was also extensive peat growth during the Holocene 
in the badly drained parts of the Pleistocene landscape. Of these higher peats even less 
has been preserved than of the peat deposits of the low part of the country. Nearly all of 
it has been dug out and carried away to serve as fuel, and the Pleistocene subsoil is now 
mostly exposed; on the map the original extension, though with some exceptions, has been 
tentatively represented. 


The smaller rivers and brooks draining the Pleistocene country have also eroded 
shallow valleys which were eventually filled by sandy and clayey brook deposits or peat. 


Lastly the Pleistocene sands themselves did not always remain unaffected during the 
Holocene. In many places where vegetation was poor the strong south-western winds set 
the sands moving, creating inland dunes often presenting a SW-NE alignment. 


As will appear from the foregoing pages man was indeed an agent in the formation 
of the Holocene of the western part of the Netherlands. The well-known saying “God 
made the world, but the Dutch made their own country”, is, however, only partly true. 
Though, by his energy and ingenuity, man made use of the peculiar natural conditions 
here, as he did in many other countries, none the less his existence remains primarily 


dependent on geological conditions: sedimentation, eustatic changes of sea-level, and tec- 
tonic movements. ' 
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STRUCTURAL BOUNDARIES OF THE NETHERLANDS AND 


THE ORIGIN OF HOLLAND 
by J. H. F. UMBGROVE 


“God created the world with the exception of 
Holland which was gained by the Dutch them- 
selves”. 


Probably geologists from abroad attending the Third World Petroleum Congress at 
the Hague are anxious to have at their disposal a condensed synopsis of the most charac- 
teristic geological features of the Netherlands. 


In view of this desideratum the aim of the ensuing pages is twofold. In the first 
place a brief outline 1) will be given of the geotectonic position of the Netherlands amidst 
other structural elements of western Europe. Secondly it will be made clear — at any rate 


I hope so — why the surface of the country in which the World Petroleum Congress is 
held, lies a few metres below sea-level. 


‘ The Netherlands form part of the North Sea basin (fig. 1). The total sequence of 
sediments that accumulated in the central part of the basin may be estimated at 7,500— 
9,000 metres. This means an average subsidence of 0.4 cm. per century during the last 
220 million years. 

The structural boundaries of the North Sea basin consist of very old lineaments or 
axes of elevation. In the E is the so-called axis of Erkelenz. The southern boundary is 
formed by the massif of Brabant. So, remarkably enough, these structural elements roughly 
coincide with the eastern and southern political boundaries of the Netherlands. South of 


the Brabant massif is another saucer-shaped depression in the earth's crust, the basin of 
Paris. 


To complete our picture we must consider another structural element in the SE, viz. 
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1) The topics dealt with in this paper are treated at greater length 
which appeared as Chapter 2 of the authors "Symphony of the Earth 


in “A country below sea-level” 
(Nijhoff, The Hague, 1950). 
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the so-called Rhine Shield. The Vosges, the Schwarzwald, the “Schiefergebirge” and the 
Ardennes belong to it. Unlike a basin it forms a dome-shaped elevation. The roof of the 
shield collapsed and a three-fold system of graben came into existence viz. the Rhine- 


graben, a north-eastern graben and the north-western graben-system of the Netherlands. 


The first indication of the updoming movement of the Rhine Shield dates from post- 
Variscian times. Repeatedly the movement was rejuvenated. In the Oligocene the Rhine 
Shield and the graben underwent a very marked rejuvenation. This was also the time of 
very strong movements in the Alps. 

The northwestern branch of the graben system enters the Netherlands via southern 
Limburg. It is in the same direction, i.e. towards the basin, that the fault system broadens 
to form what is called the Central Graben of the Netherlands. 

Repeatedly movements took place along the faults and the differential movements 
along the blocks had a great influence on the distribution and varying thickness of the 
sediments in the basin. One will notice the effect in maps which show the surface of 
any particular stratum in the basin. 

Differential movements caused the big graben to become subdivided by several horst- 
like structures. The Peel-horst is a well-known example. Several blocks at a comparatively 
high level were revealed by gravimetric explorations carried out during recent years. 

The downward movement of the land-surface is the result of the interplay of several 
factors. One possible factor is compaction of the sediments. It is quite conceivable that the 
sub-recent sediments are only slightly consolidated. Doubtless this is true of the peat 
deposits. 

As we shall see presently the subsiding movement of our own days is about 50 times 
the average rate of subsidence since Permian times. 

One factor causing this abnormally high rate of movement may be compaction. If so, 
it is only a superficial phenomenon which has to be considered apart from a possible 


sinking of the basin as a whole. It has nothing to do with the sinking of the floor of the. 


basin. It is a well-known fact in Holland that the more the land is drained the faster is the 
subsidence due to compaction of the peat layers (fig. 2). 

It may be that a second factor is acting at a deeper level as part of the Netherlands 
probably belongs to the downward moving circumferential belt of the former ice-cap. 


The peripheral zone, which was superelevated, will tend to sink down. This is no more, 
however, than a theoretical suggestion. No data are available to substantiate the theory 


and of course nothing can be said of the rate of subsidence due to that hypothetical factor. 

Possibly, however, a third factor has been of influence: Problematic processes beneath 
the earth’s crust caused the initiating of the downward movement of the basin. T’he floor 
continued to subside at an average rate of 0.4 cm per century. But undoubtedly periods 
of accelerated and retarded subsidence alternated causing an accelerated subsidence of 
the North Sea basin in our days. Again, however, no data are available on which a 
quantitative estimate of the influence of that factor could be based. 


All we can determine for the moment is the approximate amount of the combined 
effect of the three factors considered. 


Tide gauges along the coast recorded a relative downward movement of the bottom 
of about 30 cm per century. 


It appears that about 18 cm per century is due to subsidence of the bottom whereas 
a relative downward movement of 12 cm per century is due to a eustatic rise of sea- 
level. In order to elucidate this remarkable result we have to consider the sequence of 
Holocene strata in the coastal provinces. 


The low lying western provinces of Holland are separated from the sea by a rather 
narrow strip of dunes, which came into being at about the middle of the ninth century. 
Since those times the sea developed into an ever more threatening factor and the Dutch 
people became involved in a constant battle with the sea which is considered its arch- 
enemy. Dykes and stone groynes had to be built along the coast and the land immediately 
behind the dunes had to be drained; canals and other water works, in short a whole system 
of so-called polders came into being. 
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Fig. 2. Schematic section through the eastern part of the North Sea basin showing factors 
discussed in the text. 
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Without these artificial constructions great stretches would be flooded by the sea. 

I want to make clear what is the cause of the 1000-years battle of the Dutch people 
with the waves of the North Sea and why the battle has become especially acute since 
the ninth century. s 

Actually there are two sand masses and two clay layers of different age separated 
by an intervening peat deposit. Their position in the coastal district of Holland is shown 
diagrammatically in fig. 3. Fair sand dunes along the coast rest on a series of parallel 
sand barriers which, of course, were formed at an earlier time than the dunes. The clay 
layers are marine deposits, called old and young sea-clay respectively. The dunes and 
the young sea-clay were not yet present in Roman times. Both originated after the middle 
of the ninth century. The other elements were already in existence by then. T'he surface 
of this complex of clay and peat is now about two metres below sea-level. 

We know that about 3 metres of old sea-clay and some 2.5 metres of peat on top 
of it accumulated during a span of time which can be estimated at about 6000 years. 

Obviously, however, the peat has grown under land conditions. Now, there was not 
the slightest chance for land conditions behind the sand barriers inasmuch as the barriers 
had several gaps through which the sea had free access. 

The peat beds give the most convincing evidence that their formation was made 
possible by a retreat, I mean by a relative fall of sea-level. 

Now we may correct the term relative fall of sea-level and say that it was a true 
lowering of sea-level. 

Numerous examples show that the theory of a sub-recent fall of sea-level which 
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Fig. 3. Schematic block-diagram showing geological formations in the coastal district of Holland. 


we owe to DALy seems firmly established. It has been strengthened by an ever growing 
mass of evidence from all over the world. 

Of course, no emergence of a coastal tract can be expected in areas of notable sub- 
sidence like Holland. But Holland would look very different if no sub-recent lowering of 
sea-level had taken place; and certainly there would be no peat deposits. 


As a matter of fact the amount of the emergence suown py more stable parts of the 
earth is of paramount importance for untangling the interwoven effects of sea-level move- 
ment and land movement in Holland. Possibly sea-level actually dropped by an unknown 
amount say 6 + x metres and rose subsequently, but in any case it is now 6 metres lower 
than when the recession started. Possibly the.6 + x metres fall of sea-level was caused by 
a temporary growth of the ice-caps, some four thousand years ago. 


Obviously, the amount of 6 metres has been surpassed by subsidence of the bottom 
along the Dutch coast. And, evidently, the effect of the fall of sea-level ceased at about 
A.D. 850, when a new advance of the sea started along the Dutch coast. Hence, the 
downward movement of the land must have been in the order of 6 metres in about 2850 
years which means an average subsidence of the land of 21 centimetres per century. 


The full-drawn line (fig. 4) shows the supposed subsidence of the land at a constant 
rate during the last 4000 years. T'he dot-dash line represents the fall of sea-level by an 
amount of 6 metres. At the point where the two curves intersect, the most recent relative 
rise of sea-level starts. 


The dotted line shows a small undulation at. the extreme right (a). GUTENBERG found 
from the records of 71 tide gauges over the whole world that since about A.D. 1890 sea- 
level has risen at a secular rate of about 12 cm. It is well known that the glaciers and 
ice-caps have shrunk all over the world in the course of the last century especially since 
about 1890 and this apparently is the cause of the rise of sea-level during the last decades. 


Now let us compare this result with data recorded by tide-gauges in the coastal 
district of Holland. If the amount of 12 cm be added to the 21 cm subsidence of the land, 
tide-gauges in the western coastal districts of Holland ought to show a relative rise of 
sea-level of 33 cm. Now, 30 cm. is the amount calculated by several authors from tide- 
gauge data! 


Notwithstanding the remarkable agreement with the records of tide-gauges the graph 
of fig. 4 has to be regarded as a rough approximation. For, there are several uncertain 
factors. One is the preliminary character of the time-scale, the starting point 2000 B.C. 
being only approximately at the right place. Another uncertain factor is the exact amount 
of the fall of sea-level. Then, the subsidence of the land is represented by a straight line. 
It may be that it should be replaced by an undulating line showing one or more accele- 
rations and retardations. Finally, the records from tide-gauges have to be taken cum grano 
salis. These and several other factors, which will be left out of discussion here, were taken 
into account in the construction of fig. 5. | 


217 
Fig. 4. Graph showing the combined effect of a 


regional subsidence of the bottom in Holland and 
the world-wide 6 m. fall of sea-level. 
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I have tried to make clear that the historical succession of deposits in the western 
part of Holland can be explained only by the combined movements of the land as well 
as of the sea-level. But there is a second problem which is explained by the interaction 
of these movements. For, now the destruction of the old sand barriers and the reasons 
for the formation of the dunes are no longer a puzzle. Since Roman times the coast has 
receded in many places, for example two kilometres near Den Helder between 1571 and 


1866 A.D. 


The shape of the coast adjusted itself to the relative rise of sea-level and the pre- 
vailing system of currents. For this reason the present line of the coast dissects the trend 
of the former coast and the old sand barriers. 


The sea received a great quantity of sand not only from the demolished sand barriers, 
but also from deeper parts due to the adjustment of the submarine profile to the new 
coast line. T'his material was heaped up in the younger dunes. As a result of prevailing 
strong westerly winds the younger dunes are formations which are very different from the 
low and parallel sand-barriers (the so-called “old dunes’’) which were predominantly 
modelled by the action of the sea. 


As another result of the relative rise of sea-level many invasions of the sea occurred 
since the ninth century (leaving the younger sea-clay deposits behind). At this stage man 
had to occupy himself intensively with the situation. Without his strenuous efforts Hol- 
land would have become a prey of the waves. In the course of many centuries large 
stretches of land have been added to the country in an eternal struggle with the sea 
(fig. 6). 

And the people are still busy reclaiming new fertile soil for future generations. 
With that aim the great dyke was built between Holland and Friesland. It was com- 
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Fig. 6. Reclamation of land since about A.D. 1200 
AREAS GAINED and future plans of gaining further parts of the 
BEES SINCE ABOUT 1200 Ysel Lake (After J. van Veen). 
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pleted in May 1932. Five years later the 
salt water of the former Zuiderzee had 
become a freshwater body, the Ysel-lake. 
Two new polders have already been re- 
claimed from this lake, one in the west — 
the Wieringermeer polder — and one in 
the east — the North-East polder which 
was finished in 1941. New ones will be 
added in the future. But the older polders 
of Friesland, Holland and Zeeland as well 
as the coast need constant supervision. It 
is in these regions, which are situated a 
few metres below sea-level that towns like 
Amsterdam and Rotterdam have been 
built (fig. 6). 

Subsidence of the bottom is our great 
enemy. Due to the fundamental action of 
that factor the sea has become automa- 
tically its ally, an ally of ever increasing danger. And since we cannot stop our arch-enemy 
deep beneath, we fight his most dangerous ally which tries to invade the coastal provinces. 
There are only two things we can hope for the future. One is a growth of the ice-caps — 


not too much — and a consequent lowering of sea-level, the other that the bottom move- 
ment will slacken its pace considerably or, even better, stop entirely — the sooner the 
better. j 


GEOMAGNETIC ANOMALIES IN THE NETHERLANDS 
by J. VELDXAMP 
Director of the Geophysical Department of the Royal Netherlands Meteorological Institute, De Bilt 


Introduction 


The chart of geomagnetic anomalies contains the results of geomagnetic measure- 
ments carried out in the summers of the years 1942—1948. A number of members of the 
scientific staff of the Royal Netherlands Meteorological Institute, who could not perform 
their normal duties owing to the exigencies of war, were able to give their co-operation 
during the war to a magnetic survey which was carried out under the direction of the 
present author. During the summer months of the years 1942, 1943 and 1044 measure- 
ments were made over a large area of the Netherlands, with the exception of the coastal 
regions, the Zuid-Hollandse eilanden, Zeeland, Zeeuws-Vlaanderen (Dutch Flanders) 
and the Wadden islands. The results of these measurements have been used by PH. C, P. 
HARTMANN (1945), who took part in the survey as a guest, for the composition of his 
thesis. 


After the liberation in 1945 the survey could be resumed, thanks to the fact that the 
instruments and data had all been saved and that, moreover, the magnetic observatory at 
Witteveen had sustained the liberation without any damage. 


| 
| 
| 
| 
| 
| 
The survey of the rest of the country was carried out almost exclusively by Mr. | 
OLDEMAN, scientific assistant at the Royal Netherlands Meteorological Institute, and by 
the author, during the years 1945 to 1948. About twenty measurements were made on 
sand-banks in the Wadden sea. This was made possible by the C.-in-C. of the Nether- 
lands Navy, who several times put a vessel at my disposal. 

A full report of the measurements appeared as publication No 134 of the Royal 
Netherlands Meteorological Institute, De Bilt, under the title “The geomagnetic field of 
the Netherlands, reduced to 1945.0”, 

| 
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Method of measurement and reduction 


In general much care was taken to avoid artificial disturbances during the measure- 
ments. For preference the instruments were set up in meadows, on arable land or un- 
cultivated sandy soils, and minimum distances were fixed for various iron or iron con- 
taining objects. At each station the horizontal intensity H was determined at two places 
and the vertical component Z at three places, the distances between the observation 
points being 20 to 50 m. This method had the advantage that during the measurements 
an impression was already gained of the magnetic properties of the ground. In cases 
where the Z-observations differed greatly, it was supposed that a local disturbance was 
present, and the station was moved to a better place. All measurements of the magnetic 
elements were made at the moment of the minute-record in the Magnetic Observatory, 
Witteveen, where every minute a one-second snapshot of the geomagnetic field is taken. 


The horizontal intensity was determined by a QHM (quartz-horizontal-magneto- 
meter) after the design of La Cour. The vertical component was measured by means 
of aBMZ (magnetometric zero balance). Bath instruments were supplied by the Danish 
Meteorological Institute and allowed an accuracy of about 1 gamma. 


All measurements were reduced to a basic value in the Magnetic Observatory at 
Witteveen, viz. the mean value of the geomagnetic field at epoch 1945.0. In this process 
it was assumed that variations in the geomagnetic field occurred over the whole country 
at the same time as at the magnetic observa:ory, and that they had the same amplitude. 
As this country is small, this is true except for large disturbances, and during large 
disturbances no measurements were made. T'he same supposition was made with respect 
to the secular changes. Strictly speaking this is not correct, as the secular variation is not 
constant over the whole country. However, the error introduced is not greater than a 
few gammas, 


The normal field 


For drawing the chart of anomalies of the magnetic field, knowledge of the normal 
- field is necessary. This normal field is in a certain sense an arbitrary conception, the 
definition depending entirely on what one wishes to see. If one wants to investigate the 
continental anomalies over the whole world, one has to assume, for a normal field, the 
field of a magnetic dipole situated in or about the centre of the earth. If, however, one 
intends to study the regional anomalies in a limited region, the normal field must be 
chosen in such a way that it corresponds to the field in the undisturbed parts of this 
region. 

HARTMANN (1945) has calculated formulas for the normal field in the Netherlands, 
which are based on the geomagnetic fields at the observatories at Abinger, Eskdalemuir, 
Witteveen, Chambon-la-Foret, Rude Skov and Niemegk. It is supposed that the field at 
these observatories is determined by the dipole-field plus the continental European 
anomaly and that the regional disturbances are therefore small. This is an arbitrary sup- 
position, though it may be expected that a magnetic observatory is generally built in a 
magnetically undisturbed region. The anomalies reproduced in the chart are computed 
from Hartmann’s formulas, reduced to 1945.0. They are: 


X, = 18120 — 4704 + 45AX 
= _2315 + _30Ag + 150A% 


= 43448 + 500A$ 
X, and Y, are the northward and eastward components resp., Ap and AX are the dif- 
ferences between the latitude and longitude of the place in question and the co-ordinates 
of a centre, viz. Ap = g — 52° and AX = X — 5°. The differences X—X,, Y—Y, and 
ZZ, between the measured values X, Y and Z and the normal values X,, Y,„ and 
Z, are used for drawing the chart of anomalies. 

On the Belgian territory the isanomals are copies from Hartmann’s chart and have 
been computed from the maps of DEHALU and Marie MERKEN (1913) and Hoce (1934), 
using a normal equation valid for 1913.0, viz. 


Z. = 43156 + 530 Ap — 85 AX 


Nr 
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For Germany a formula for the normal Z-field is given by RöSsIGER (1941). This 
reads: 


zZ. = 43460 + 499.9 Ap + 19.28 AX + 0.952 Ap Ax — 10.95 (Ag)? + 2.21 (AX)2 
with Ag = g — 52°.07 and AX = — 12°.68, valid for 1941.5. 


Neglecting the terms of higher order, and reducing this formula to p = 52°, 2i=38% 
as a magnetic centre, the approximation for the epoch 1945.0 becomes: 


Z. = 43470 + 499 Ay + 21AA 


This formula differs only slightly from the one used for the calculation of the Nether- 
lands anomalies, apart from the term with AX, which is of little importance. For the 
north-eastern borderland REICH's charts of the anomalies of the vertical component were 
available. Moreover, the isanomals of the disturbed region of Lingen have already been 
published by REıcH (1933). These isanomals show a close correspondence with ours and 
have been drawn in the north-eastern borderland of the chart. For the south-eastern region 
no German maps were available. 


Discussion of the chart 
The deviations of the normal field, X—X,, Y—Y, and Z—-Z, have been collected in 


one chart. The horizontal anomalies have been composed to form one horizontal disturbance 
vector, the value Z—Z, being printed in gammas. The direction of the horizontal dis- 
turbance vector gives-a rough indication of the direction of the disturbing influence, The 
length of the vector is proportional to the intensity of the disturbing force. The isanomals 
of Z--Z, are drawn for every 20 gammas. The regions with positive values of Z—Z, are 
coloured brown, the negative regions are green. 


The magnetic anomalies are caused by irregular deviations from a homogeneous 
magnetization in the earth's crust. A factor of primary importance is the magnetic sus- 
ceptibility of rocks. The susceptibility and also the residual magnetism of the crystalline 
rocks are much larger than the corresponding values for sedimentary rocks. The ratio of - 
the susceptibilities of crystalline and sedimentary rocks is of the order of 1000 to 100. 


This convinced REICH (1928) that at least in North Germany the archaic crystalline 
massifs and the crystalline rocks of the Palaeozoicum cause the extensive positive regional 
disturbances of the magnetic field, whereas the sedimentary rocks are accompanied by 
negative anomalies, because the small value of the susceptibility of the sediments is com- 
pensated for by the greater depths of the crystalline rocks. 


NETTLETON (1940) concludes that the measurements may be considered as being 
made on a plane (i.e. the surface of the ground) which is supported on a non-magnetic 
medium (i.e. the sediments) and that the effects measured are caused by undulations of 


the magnetic surface (i.e. the surface of the igneous rocks) and polarization contrasts 
below that surface. 


Generally speaking, the magnetic anomalies in sedimentary regions give an image of 
the tectonics of the crystalline substructure. Where the basement rock in the form of a 
horst or a massif is higher than its neighbourhood, it will usually cause a positive dis- 
turbance. The magnitude of this disturbance depends on the susceptibility of the rock and 
on its depth. A graben or trough will generally be characterized by a negative magnetic 
disturbance. The same holds to a certain extent for the gravity anomalies. It is therefore 
useful to compare the magnetic map with a gravimetric one. A rough picture of the 
Netherlands gravity anomalies was published by A. J. MuLDER (1950). 


The geological interpretation of the magnetic anomalies of the Netherlands is given 
for the greater part by HARTMANN (1945) in his doctoral thesis, We quote from it: “In 
Belgium the old crystalline massifs of Brabant, Stavelot, Hohe Venn and Rocroy stand 
out with positive anomalies against the negatively disturbed surroundings. A zone with 
positive maxima extends from the Yser to Maastricht.’ 


“The nose of the massif of Brabant causes a positive anomaly of 225, near Maastricht 
in accordance with the small depth at which the Cambro-Silurian is here found directly 
under the Senonian. The “Sillon du Ruper-Demer" is marked by a strip of negative 
anomalies from Hasselt to the West.” 
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The measurements carried out later on in Zeeland, show that the greater part of Zee- 
land is strongly disturbed by positive anomalies, from which we infer that the northern 
limit of the massif of Brabant presumably follows a line from Goeree to South Limburg. 
In this region all disturbance vectors of the horizontal field are directed perpendicularly 


to this line. A remarkable positive anomaly is found in Zeeuws-Vlaanderen along the 
line IJzendijke-Hulst. 


About the magnetic anomalies on Dutch territory HARTMANN tells us further: ‘Most 
striking is the Netherlands direction which dominates the tectonics of our country. Regions 
of positive and negative anomalies alternate and show very clearly the NW-SE direction. 
The Swabian direction can also clearly be seen on the chart, namely from the shifting of 


the isanomals along lines directed WSW-ENE." 


“The Central Graben can be clearly seen as a negatively disturbed region. We find 
the minimum in the province of Noord-Brabant south of Eindhoven. More to the NW 
the zone, which is magnetically negative, seems to shift to the NE. The Peel block and 
its southern continuation, the horst of Erkelenz, cause a positive anomaly. To the North 
this anomaly is bordered by a negative disturbance, by which the troughs of Venlo and 
Venray are represented. T'he horst of Viersen deflects the isanomal of + 20y to the NW 
again, whereupon it curves round the horst of Mill, which is shifted to the NE in relation 
to the Peel block even in its magnetic anomaly.” 


Comparing now the magnetic with the gravimetric chart, we see that the gravimetric 
chart also gives a clear image of the Central Graben; the gravimetric minimum, however, 
is situated more to the north than the magnetic one. T'he strip of positive magnetic 
anomalies which borders the Central Graben to the east coincides with the region of 
horsts (Geophysische Dienst der Staatsmijnen, 1949), but is found at the border of the 
gravimetric negative region. T'he gravimetrically deep trough of the Roer can be found 
on the magnetic chart too as a saddle between the maxima, but it does not lead to nega- 
tive values. As regards the region west of the Central Graben the two charts agree well 
with each other. 


HARTMANN continues: “One gets the impression from the magnetic anomalies that a 
region of grabens extending over the Rhine is situated between the horst of Mill, with 
its continuation to the north, and the high region of the Achterhoek. A region of horsts, 
broad in parts, is sharply outlined by the magnetic anomalies in the continuation of the 
zone Erkelenz-Peel-Mill over the Zeist ridge, het Gooi, part of the Gelderse Vallei and 
even of the Lower Veluwe to Nijkerk. Over the horst of the Zeist ridge the disturbance 
values are highest, and this horst seems to extend farthest to the NW and the SE”. 


“To the east of the magnetically positive disturbed region of the Zeist ridge lies a 
negative region. Probably the Rhine Graben, which could be followed to the IJssel east of 
Arnhem, continues in NW direction, slightly shifted to the NE. The eastern. border of 
this graben may be supposed to lie near Apeldoorn. East of it the high ground of the 
eastern part of the Netherlands probably begins to rise. The western border of the 
graben is supposed to follow a line drawn through Nijkerk”. 

This Veluwe graben appears very clearly on the gravimetric map and also on section 
Il in PANNEKOEK’s geological paper. HARTMANN remarks about the magnetic anomalies in 
the province of Zuid-Holland: 

“Parallel to the zone with positive magnetic anomalies in het Gooi and Utrecht, a 
zone with negative values runs SW of it through Nieuw Vennep and Vreeswijk. Further 
to the SW the anomalies increase first, but soon they decrease again so that a second 
zone of minima seems to run from. Leidsendam via Zevenhuizen in the direction of 
Gorinchem. It is obvious to suppose that a secondary horst lies between these two more 
negatively disturbed regions’. 

The gravimetric chart shows a maximum extending from The Hague in a SE 
direction to the Lek. This sustains HARTMANN’s supposition of a secondary horst in the 
graben. 

We further see a strongly curved minimum region over Goeree-Overflakkee and 
Putten, bordered in the north by a small maximum over the Nieuwe Waterweg. The 
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gravimetrically negative region is situated more to the north and its axis coincides with 


the Nieuwe Waterweg. 

There is no clear relation between this curved magnetic minimum and the gravi- 
metric minimum region of the Nieuwe Waterweg, although both of them are bordered by 
the positive anomalies of Zeeland. 

The province of Noord-Holland is negatively disturbed in a magnetic sense. The 
minimum of the magnetic anomaly is found near Alkmaar and Hoorn. As also a gravi- 
metric minimum region in this part of Noord-Holland is visible as a continuation of the 
Rhine graben, it is evident to consider the magnetic minimum in the centre of Noord- 
Holland as the continuation of the Veluwe minimum in a NW direction. To the north- 
east the value of the anomaly of the vertical component increases again, and near 
Stavoren a positive anomaly of +15y is found. The basement rock probably rises in that 
direction. 

HARTMANN supposes somewhere near here the existence of a fault line, which borders 
the Alkmaar graben to the north-east. 

Let us now have a look at the centre of the eastern Netherlands. Beyond the German 
frontier we see a strong magnetic and gravimetric maximum, the maximum of Lingen, 
which makes its influence felt within the Netherlands. This is part of the massif of 
Bramsche, situated more towards the east. The high grounds of the Achterhoek are 
magnetically as well as gravimetrically disturbed by positive variations. The magnetic 
minimum SE of Rijsen nearly coincides with a saddle region between two positive regions 
on the gravimetric map. North-west of: it a magnetically negative strip extends through 
north-western Overijssel and south-western Friesland, in which allisanomals are stretched 
out in a north-westerly direction. The corresponding region in the gravimetric chart is 
positive and points to a maximum over southern Friesland and the head of Overijssel. 
Here the gravimetric and the magnetic maps are contradictory. 


It is possible to conceive here the presence of a graben in the crystalline basement, 
filled with sediments of great density, which are responsible for the gravity maximum, but 
which cause at the same time a negative anomaly of the geomagnetic field. This inter- 
pretation is simpler than Hartmann's. A decision between the two cannot be made for 
the time being, owing to lack of knowledge of the deeper substructure. 


The magnetically negative strip extending through north-western Överijssel and 
south-western Friesland changes into a saddle region, which can be followed along the 
coast of Friesland between two positive disturbances and which ends in an isolated 
negative anomaly in the isle of Ameland. 


A negative strip runs through the provinces of Drente and Groningen in the Nether- 
lands direction SE-NW, which it is possible to follow in the Wadden Sea north of 
Groningen. The gravimetric map too shows a negative region getting deeper in the NW 
direction. On the north-eastern side this strip is bordered by an extensive magnetic maxi- 
mum, the oblong centre of which is situated over the Ems and the Dollart. Presumably a 
crystalline ridge can be found here, which follows the graben through the province of 
Groningen. "The region west of this graben, the greater part of the province of Friesland 
and the Wadden Sea, show a positive magnetic anomaly. The gravity anomaly is nega- 
tive here, though an increase in gravity exists from NW Friesland to the islands of 


Vlieland and Terschelling. 


Just as in southern Friesland, a contradiction is also present in northern Friesland 
between the magnetic and the gravimetric maps. Most remarkable is the narrow tongue 
of positive magnetic anomalies penetrating from the Wadden Sea in an eastward direc- 
tion into Friesland. A narrow ridge in the crystalline basement may be responsible for this. 


Finally, we see in the Wadden Sea between the islands of Texel, Vlieland, Ter- 
schelling and the Frisian coast, a very strong and steep magnetic maximum, the anomaly 
in the centre situated at the Inschot fairway reaching a value of more than 200y. All the 
horizontal disturbance vectors at the surrounding measuring points are directed more or 
less towards this centre. The limited area of this disturbance, the steep gradient and the 
high value of its maximum are only comparable with the disturbances near the southern 
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border of this country, where the crystalline rocks with « considerable magnetization are 
found close beneath the surface. The limited area of the anomaly contrasts remarkably 
with the extended block-forms of the other disturbances. We may perhaps suppose, 
therefore, that the anomaly in the Wadden Sea is caused by a steep cone-shaped uplift 
of the crystalline basement rock. 

Conclusion 


The magnetic anomalies of the Netherlands give in general an idea of the tectonics 
of the basement rock. The interpretation of the anomalies, especially in the northern and 
western parts of the country, is not unique and confronts us with great difficulties. As 
not only the susceptibilities of the rocks but also their dimensions and depths exert an 
influence, a given anomaly can be explained by a variety of causes. The right interpre- 
tation can, therefore, only be obtained from additional data (geological, gravimetric and 
seismic) and must, last but not least, be confirmed by borings. 
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REMARKS ON THE STRATIGRAPHIC COLUMN 
OF THE NETHERLANDS 


by the Geological Department of N.V. Nederlandse Aardolie Maatschappij 


1. Geological formations | 

Regional stratigraphic breaks are found in the Lower Miocene, Lower Oligocene, 
Danian, Upper Jurassic, possibly in the Lower Permian and in the uppermost Carbonif- 
erous. 


2. Micropalaeontological top horizons 
The microfauna of the Tertiary, Cretaceous and Jurassic formations is generally 

rich in number and variety. 

Tertiary. A subdivision in zones and subzones is available, mostly based on foram- 
inifera. Ostracods are less frequent and are not commonly used yet. 

Upper Cretaceous. The very rich foraminifera and ostracod microfauna has 
been partly investigated. With these results subdivisions have been established. 
Lower Cretaceous. A micropalaeontological division into zones and subzones of 
this formation (and the Upper Portland), based on the investigation of foraminifera 

and ostracods is in an advanced stage. 

Jurassic. A preliminary zonal chart of the Lias and Dogger has been prepared. It is 
evident already that in future ostracods will be of greater value for zoning than 
foraminifera, especially in the Dogger. 

Triassic. No microfauna found yet. 

Zechstein. Depending on favourable facies, apoor foraminifera and ostracod fauna 
was found in some places. 

Carboniferous. Foraminifera, ostracods and microgastropods are found in the 
marine intercalations of this formation. Tey are, like those in the Zechstein, gener- 
ically and specifically poor. 
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As can be seen from the table, only the guide fossils marking each important top 
horizon are given. 

Since the purpose of this article is only to present a general impression of the strati- 
graphic research in the Netherlands, there is no need to mention the scientific (species) 
names of the foraminifera, ostracods, megaspores, etc. T'he system of numbering species 
applied in the Netherlands is employed in the table. 

The still growing number of identified species used in the oil industry in the Nether- 
lands has reached at the present a total of about 1000 foraminifera and about 500 ostra- 
cods. From this total depending on the geological formation about 10—20 % are used as 
guide fossils. 


3. Lithological top horizons 

This column needs little explanation. These lithological changes are of most strati- 
graphic value in barren formations, e.g. continental facies of Wealden, Triassic and 
Zechstein. 


4. Short lithological description of the formations 


The most important information is compiled here; in some cases change of facies is 
also indicated (e.g. the Wealden). 


5. Maximum thickness of the formations or their subdivisions 


Stating the maximum thickness of the different formations was considered the most 
instructive way of giving an impression of their relative development. 


However, most formations are locally reduced in thickness by erosion, non-deposi- 
tion, or in some cases by faulting. 


It would be going into unnecessary detail to give the thickness of the remaining parts 
of such formations when they are incomplete. Original thinning of formations is only 
occasionally seen, e.g. in the Lower Cretaceous. 


WATER DISPOSAL IN THE SCHOONEBEFEK FIELD 
by J. VAN DER LELY | 
N.V. Nederlandse Aardolie Maatschappij. 
SUMMARY 


In most oil fields which produce highly saline water, its disposal presents a serious problem. This 
applies particularly to the Schoonebeek field, in which the oil is produced mainly by water drive. 
Two possibilities of overcoming the problem exist. These are: 


1. by disposal at the surface, and 
2. by injection into the formation. 


An economic study of both methods leads to the conclusion that the latter is the more attractive for 


the Schoonebeek field. The method proposed for the treatment of the water, prior to subsurface disposal, 
is given. 


s 


INTRODUCTION 


The productive zone in the Schoonebeek area is confined to the Valendis sand above 
the —880 m level on an East-West anticline. The anticline plunges below this level east 
of well S. 73 to rise again to above —880 m in the neighbourhood of the German fron- 
tier, east of Nieuw-Schoonebeek, thus giving rise to the Rühlertwist field, the western 
plunge of which just crosses the frontier (see map, fig. 1). 


To westward the anticline rises to well S. 2. On the crest of the anticline the Valen- 
dis sand was eroded away, but on the flanks it is producing in the Emlichheim field south 
of the border and in the Schoonebeek field on the north side. On the north flank the 
Valendis sand was found productive in S. 101, S. 103, S. 116, S. 114, S.129, but to the 
west it is absent in wells S. 102, S121 and it is not yet known whether or not the 
southern and northern productive areas join between wells S.126 and S. 101. 


The Rühlertwist plunge and the main field, east of the fault between S. 43 and S. 72 
in the north and S.5 and S. 85 in the south, produce by water drive. The production of 
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the wells in these areas shows some 
decline on the crest of the structure, 
whereas the wells located more on the 
flanks do not show any decline in total 
daily production, as a result of the very 
strong water drive. 


Since the field is broken up by 
several faults, which form good seals, 
the wells west of the fault in the centre 
part probably produce by depletion. In 
the north-western area there are not 
enough production data available to 
draw a definite conclusion regarding 
the form of drive, whilst in the south- 
western border area the depletion con- 
ditions may well be caused by the off- 
set wells of the German Emlichheim 
field. But there is evidence of water 


‚drive in well S. 99 located in the most 


western part, which started to produce 
some water with the oil. 


Since the Valendis is a highly per- 
meable, loosely consolidated sand, there 
is, in general, little difference between 
the horizontal and vertical permeabili- 
ties, despite some localized hard and 
less permeable streaks. It is thus diffi- 
cult to shut off water that penetrates 
the oil zone while producing. Moreover, 
the great difference in viscosity between 
the oil and the water causes “fingering’” 
of the latter into the more permeable 
parts of the sand, so that, when only a 
very small section of the sand is flushed, 
the production may contain a very high 
percentage of water. It is, therefore, to 
be expected that in the future the 
Schoonebeek oil will be produced with 
a high water-to-oil ratio, estimated be- 
tween 5 : 1 and 10 : 1 for the total 
production. 


Because of the variations in sand 
thickness and permeability it is very 
difficult to predict the rate at which the 
water production will increase. At the 
beginning of 1951 thet potential water 
production of the whole field amounted 
to 1300 cubic metres per day, part of 


which was “closed in’ owing to the lack 


of sufficient water disposal facilities. 
The actual water production amounted 
to only 350 cubic metres/day in Decem- 
ber 1950 (see graph, fig. 2). 


Fig. 1. Map of the oilfield Schoonebeek. 


2500 BE n 7 = 
SE = Sasse jrgssens i9g SEFESNuHSSSBES- : Haie TIER 
= Sg m a BSSgEEnERSgEgESeHSSgSszase FREERIPE IEEZEITE 
HH OILFIELD SCHOONEBEEK Fricke HH 
AVERAGE DAILY PRODUCTION Er reriee +7 = Eh FREE N 
ENT ASEN : SzaESEE ERERS2 
Is: --- WATER m3/day = See =E 
=E= EE == SS5SESSIEEE3E 3SSR 
== Ssssssssses B EEE F ERERFERRS E35 : : z : - HR 
essen es Es m == SBSSSZER. 
o0oo EFF er rg == Ssssss E 3= 4 2 
} 4 4 - 4 =; 3 E == = 3. 
; I - - Hr 3 ; ® FR == = Sr ; 
& FE 25; 2 = Be = B :4 
RE u = + =z = de BEzE= = = ee £ 
= E 5 EEE 3 e SEES 
S = # E =: 5 = 3 -237 + 
wii 5 F see 4 = 
u = ZESEE H SES SE 4 FRE = 
z BE ESEE = == = EFF =< H ErFEE 
L FEREE Eh SE F Ssesssdesch & 
OHt+E+H = = = =; 4 Fi M 4 = >= 
Site Ssses: ssasg SEHFEFFERFE 
SIEH = = Ezeiss ü SEEEFE E 
S = =: = = 
1000 +9 HE E E + = = : 
ar 2 3 
= : 3 i z HH 
Ei ı:7 4s$ı Rieere> 
E + z 3 4 F- #447 = Et Ne 
- EFE F E 
: = 
500 +-- Ist ==: 
1% & : = | 
Fi Ei 3 = = + 
if i E: 4 
EAUERERBIRIRERERRRNEEEIET _ EH- 
17 er = 
ii Fi =: Per & ! 
EITHÄBITE u = = +- : 
1 r ==: 3 = 
jo] 


JEVMAMJIASOMSIFMAMIJASOMDIJFMAMJJASONDJFMAMJJASOMDJFMAMIJJASONDJFMAMJJASOND)FMAMJJASOMDO)JFMAMJJASONDJFMAMJIJIASOMD] 
198 1944 1945 1946 1947 1948 1949 1950 1951 


Fig. 2. Average daily production of oil and water, oilfield Schoonebeek. 
SUBSURFACE DISPOSAL 


As shown in the accompanying analysis, the water from the Valendis sand contains 
a high concentration of salts, with Nat and CI predominating. 


Analysis of formation water from the Schoonebeek field 


Element Analysis 

Sodium 285 gram/l 
_ Calcium 6.5 „ 

Magnesium 3 17. = 
Iron 0028205 
Chlorine 61.43 En 
Bicarbonate 0.049 
Oxygen ns „ 

Os VO2SmER 
pH 55 
Hardness 1248 


Since the Schoonebeek area is densely populated and largely cultivated, the high 
salinity makes local surface disposal of the untreated water inadmissible. 


Evaporation of the water is technically possible but economically unattractive. The 
initial capital expenditure, together with operating and maintenance costs, for a suitable 
installation would amount to f 1.12 per cubic metre of water or f5.60 per cubic metre 
of oil. 
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Transportation of the water by means of a pipe line to the North Sea at the Dol- 
lard on the north coast would require the laying of a long 12” line and the construction 
of two pumping stations. The estimated initial cost of these would be at least 


7 10,000,000, with operating and maintenance cost f 4,000 daily. This also is unattractive 
economically. 


It is apparent that the obvious methods for disposal of the water at the surface 
could not be recommended and subsurface disposal was then considered. 


SURFACE DISPOSAL 


The very porous and highly permeable surface Quaternary sands would appear to 
be an ideal disposal reservoir. However, the domestic and potable waters for the Schoo- 
nebeek area are obtained from shallow wells in these sands and contamination of them 
with salt water would not be permitted. 


Three other potential reservoir formations exist. At the base of the Tertiary, 
immediately above a transgression, clayey sands and sandy shales occur from 300 to 
360 m. These would, however, probably have a limited capacity for water intake and 
hence would not appear suitable for disposal purposes. 

The lower horizons of the calcareous Cenoman formation from 450 to 650 m may 
contain fissures, cracks and faults and hence might possibly be suitable for disposal. The 
presence of these fissures, etc. still has to be confirmed, however, for all available cores 
show compact, dense formation with poor porosity and low permeability. 

The Valendis sand, the deepest of the three possible disposal reservoirs, is the most 
attractive for the following reasons: 

1. The sand has good reservoir properties. It consists of finegrained particles with 
localized streaks of limy sandstone or clay. It has an average porosity of 30 % and a 
permeability of 1000 m.d. 

2. The water to be injected orginates from this sand. Hence, if the products of oxidation, 
etc., which occur upon the water's exposure to the atmosphere and to elevated tem- 
peratures, can be eliminated, there should be little or no further deleterious reaction 
within the sand on injection. 

3. Water injection should delay the decline of the reservoir pressure. Although the pres- 
sure drop in the water zone of the reservoir has, thus far, been negligibly small and 
the wells which produce under water drive conditions show practically no decline, it 
is to be expected that continued drainage of the reservoir will cause some reduction 
of the pressure. By injecting the produced water into the water zone any pressure 
decline will be retarded considerably and an increase in ultimate oil recovery may 
be expected. 

4. The flank wells have already started to produce water and the amount is increasing 
rapidly. It may be possible to convert wells which become completely wet into 
injection wells at a later stage in the drainage of the field. This will reduce the com- 
pletion cost of injection wells and consequently reduce overall injection costs. 

The main disadvantage to the use of the Valendis sand as a reservoir for the dis- 
posal of the salt water is the depth at which the sand is located. In order to prevent 
breakthrough of injected water directly from the injection well to the producing wells 
it is necessary to locate the former at least two location distances from the productive 
zone. The top of the Valendis sand is then found at about 1000 m. Drilling of an 
injection well will thus cost about f 120,000. In addition, the location of these wells 
outside the productive area results in an extensive water transportation system. 

A further handicap is that the Valendis sand is unconsolidated, making it necessary 
to inject the water continuously with as little pressure fluctuation as possible, in order to 
prevent sand influx into the wells, with subsequent plugging. 

It is not certain either that the sand, even 1 km from the productive zone, is abso- 
lutely oil-free. Such oil would reduce the injection capacity of the wells considerably, 
since the original permeability might well be reduced to an effective permeability of 200 
m.d. or even less. 
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In spite of the disadvantages, however, it was decided to use the Valendis sand as 
the disposal reservoir and six injection wells have now been completed, of which two, 
S.50 and S. 88, have been in operation intermittently. I 


Some difficulty has been encountered in injecting the water. Based on the experience 
in certain fields in the United States and the high porosities and permeabilities of the 
Valendis sand, it was, at first, not considered necessary to treat the water before in- 
jection. After some months, however, the rate of injection into the formation decreased 
rapidly and when the wells were cleaned out it appeared that the liners were completely 
filled with material which originated partly from the water itself and partly from cor- 
rosion in the pipe line. 


Experience in general has shown that, once a well is plugged, it is very difficult to 
restore it to its original capacity and that, in many cases, a plugged well is a total loss. 
It was, therefore, decided to continue injection with water which had been chemically 
treated so as to effect coagulation of all substances in suspension and eliminate those 
which might result in the formation of precipitates when subjected to changes in press- 
ure and temperature. 


WATER TREATMENT 
The treatment should meet the following requirements: 
Clarify the water. 
Eliminate corrosive action. 
Stabilize the water. 
Prevent bacterial growth. 


These desiderata are, in part, fulfilled by submitting the water to successive chemical 
reactions and removing the substances precipitated by these reactions. 


BUND 


The proposed treatment of the Schoonebeek water consists of settling of the solids, 
skimming off the oil and the addition of Ca(OH)z and Alz(SO,)z to precipitate iron 
oxides and part of the Ca- and Mg-carbonates, at the same time removing the last traces 
of oil. The water is then filtered. This treatment may be carried out in a closed or an 
open system. In the closed system the water is kept free from air and oxygen mainly in 
order to prevent corrosion. In the open system the water comes in contact with the air 
and extra chemical treatment or coating of the pipe lines and installations is necessary 
in order to protect them against corrosion. Although the closed system offers several 
advantages over the open one it was not thought suitable for application in Schoonebeek. 
As mentioned above the injection wells were found plugged with substances which had 
probably been precipitated from the unstabilized water. 


Hence, in the water disposal plant to be erected at Schoonebeek, the water will be 
treated in an open system despite the disadvantage of additional treatment against cor- 
rosion. 


PROPOSED WATER TREATMENT INSTALLATION 


‚Because of possible interruptions in the operation of the water treatment plant, it is 
necessary to have a large storage capacity for the untreated water. Normally, a capacity 
equal to the daily water production is desirable and this, in Schoonebeek, may ultimately 
be of the order of 10,000 cubic metres (fig. 3). 

The water coming from both the field and the dehydration plant is aerated and 
enters the settling basin where solids settle out; oil is skimmed off and some degree of 
cooling takes place before the water enters the precipitator. Here Ca(OH), and 
Als(SO,)s3 are added in order to precipitate such undesirable constituents of the water 
as ferric oxides, carbonates, etc. These precipitators, in a single unit, effect mixing, 
coagulation and sedimentation and occupy a space that is but a fraction of that required 
for a conventional water treating plant. The introduction of chemicals and untreated 
water is so regulated that the reactions take place in the presence of previously formed 
solids, a socalled "sludge blanket”’ which act as a reaction medium for the newly intro- 
duced water. In this way the precipitation of the materials to be removed is accelerated 
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Fig. 3. Schematic lay-out of saltwater disposal at Schoonebeek. 


considerably. For satisfactory operation of the precipitators the primary requisite is cor- 
rect chemical dosage. A regular check on the treatment is therefore of great importance. 
The precipitated solids accumulate automatically in the lower part of the reaction tank 
and form a slurry. The precipitators are equipped with an impeller which can rotate at a 
variable speed depending on the floc character, which varies with fluctuations in suspended 
solids, chemical composition and other variable factors (e.g. temperature). 

The water coming from the precipitator normally has a turbidity of 2 to 5 p.p.m. 
The treated water is pumped through a battery of sand and gravel filters, which results 
in the turbidity being reduced to 1 p.p.m. 

The treated water which has been in contact with the air and which contains a 
high percentage of NaCl will be extremely corrosive. In order to prevent corrosion of 
the injection lines it is necessary to eliminate the oxygen from the water. The elimination 
of the corrosive action could be achieved by adding either sodium sulphite or SOs-gas. 
Either of these processes would, however, be too expensive. It was therefore decided to 
remove most of the oxygen by passing the water through a vessel in which a vacuum of 
75 mm Hg is maintained. The rest of the oxygen is then removed with SO3. 

The water thus treated is pumped into a buffer tank with an air-tight floating roof, 
in order to keep the water free of oxygen. 


WATER: GATHERING AND INJECTION SYSTEM 


The water coming from the productive wells, after separation from the oil at the 
gathering stations, will have assimilated some air and will therefore be highly corrosive. 
To avoid corrosion of the pipe line, with high costs for lining with corrosionresistant 
material, or the continuous expence of adding inhibitors to the water, it will be pumped 
from the gathering stations to the treating plant through cement asbestos lines by low- 
pressure single stage centrifugal pumps (fig. 4). 

Pumping the water through the various stages of the treating plant will also be done 
by electrically driven low-pressure centrifugal pumps. 

Because of the long pipe lines from the treating plant to the injection wells the 
pressures at the input end of these lines will be rather high. The use of cement asbestos 
lines will therefore be impossible and high pressure steel lines have been ordered. The 
water will be pumped through these by electrically driven multiple stage centrifugal 
pumps, which have a capacity of 85 cubic metres of water per hour with a pressure of 
60 atm. at the discharge. The diameter of the injection lines will be 3” to 4”, dependent 
on the distance of the injection wells from the treating plant. 

It was considered necessary to build up all pumping installations with a greater 
number of small pumps rather than a few large capacity pumps. When a pump is under 
repair only a relatively small capacity is lost, and this can easily be recovered by the 
use of a small reserve pump. The system thus acquires more flexibility. 

For the same reason all pipe lines to the injection wells have been planned as sepa- 
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Fig. 4 Water transport lines in oilfield Schoonebeek. 


rate units, instead of one main injection line from which the single lines to the injection 
wells branch off. Leakage of an injection line will thus result in the shut-down of one 
injection well only. 


The control of the injection pressures and injection quantities for individual wells 
will take place at the pump station. 


INJECTION WELLS 


The injection wells have an average depth of 1000 m. T'hey are completed with 7” 
casing cemented above the Valendis sand and a 3” liner with 60 X 3 mm diameter per- 
forations per metre. By having the diameter of the liner much smaller than that of the 
casing it will be possible to pull the liner, if necessary, for the cleaning of the wells. 

In order to protect the casing against corrosion, wells will be equipped with 213” 
tubing with a packer on the bottom, which will be set in the casing. This makes it possible 
to fill the annulus between casing and tubing with water, to which sodium carbonate 
and chromate may be added as inhibitors against corrosion. 

In spite of the rigorous water treatment some sediment will be deposited on the sand 
face, which will decrease the injectivity factor of the wells. Interruptions in injection 
caused by the break-down of the pumps, breakage of the injection lines of fluctuations 
of the injection pressure will also cause a decrease of the injectivity index. This has 
probably to be attributed to repacking of the sand grains in the formation. 

In wells with loosely consolidated sands, as in Schoonebeek, it will therefore be 
necessary to clean the injection wells at regular intervals. T'he cleaning job consists in 
the removal of the precipitated sediments at the sand face and of part of the sand around 
the bore hole by producing the wells on airlift at the maximum rate for several hours. 
The water flow not only takes the precipitated material away but also the finer sand, 
leaving a coarser sand with larger porosity and permeability. 

Although it is realized that there are some factors which cannot be taken into 
account — e.g. variations in the permeability of the sand with changes in the packing of 
the loosely consolidated material — it is believed that the method described is the most 
efficient way of disposing of the salt water at Schoonebeek. 


REMARKS TO ACCOMPANY LOCATION MAP 
OF EXPLORATION WELLS IN THE NETHERLANDS 


by the Geological Department of N.V. Nederlandse Aardolie Maatschappij 


The search for oil in the Netherlands, commenced by the Bataafsche Petroleum Maar- 
schappij before the second World War in 1935, had to be stopped at the outbreak of 
hostilities. At the end of 1941 exploration work was resumed under compulsion of the 
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german occupation authorities, and this led to the discovery of the Schoonebeek oil field 
in January 1944. An active development of this field could, however, be avoided. After 
the liberation a widespread search started anew on a gradually increasing scale. At present 
two seismic parties are working in the field and exploration drilling is being conducted 
with 6 strings working continuously. 

Since 1947 the exploration work has been carried out by N.V. Nederlandse Aardolie 
Maatschappij, a joint undertaking in which the N.V. De Bataafsche Petroleum Maat- 
schappij and the Standard Oil Company (New Jersey) hold equal shares. 

At times newspaper reports and technical periodicals have mentioned the names of 
borings, but for the benefit of those not familiar with the detail geography of the coun- 
try it was thought opportune to publish the present map. 


On this location map of exploration wells in the Netherlands nearly all borings and 
core holes drilled until now in this country in the search for oil, coal and salt, are in- 
dicated with their names and depths. The coal mines in the extreme southern part of the 
country, owned by the Government and private companies, the salt exploitation near 
Hengelo, the Schoonebeek oil field and the oil and gas fields in the adjoining German 
territory are likewise shown. 


A large number of the borings made by“ Bataafsche” before and during the war and 
by “Nederlandse Aardolie Maatschappy” since 1947 were carried out for the purpose of 
obtaining stratigraphic information for the geological interpretation of gravimetric and 
seismic data. The depths of these holes did not, as a rule, exceed 1000 metres (3,281 feet) 
(maximum depth in well Hazerswoude 1 : Ill1metres (3,645 feet) ). Counterflush instal- 
lations, enabling continuous coring, were used for drilling these wells. 


..’r 


is now using medium-heavy and heavy instal- 
lations (Ideal 50 and Ideal 100 outfits) for the deeper exploration wells. Well C.D. 4, 
located 10 km W of the Schoonebeek field, is the deepest hole of the country to date and 
reached a final depth of 3208 m (10,525 feet). 


The exploitation concession Schoonebeek, owned by “Nederlandse Aardolie Maat- 
schappij’, is also shown on the map. The size of the concession is 93,000 ha (230,000 
acres). The Schoonebeek field and the exploration wells which discovered gas (wells 
Coevorden 2, C.G. 3, De Wijk 1 and Staphorst 1) are specially indicated. 


Apart from the drilling campaign in the search for oil, a comparatively large number 
of wells was drilled by the Government in the years 1904—1923 with the object of in- 
vestigating other mineral resources of the country. Only the deeper wells drilled during 
this campaign are indicated on the map. These wells are situated in the southern part of 
the country, in the neighbourhood of the towns of Roermond and Venlo and in the eastern 
Netherlands near Winterswijk. The first indication of oil in het Netherlands was found 
in one of these wells (Corle, final depth 1,284 metres (4,213 feet)). In addition explo- 
ration drilling for coal by private enterprises took place in the last mentioned region 
(borings G I — G V). So far no attempts have been made to open new coal mines in 
these regions. 

Salt of Triassic age is extracted by the solution method near Hengelo (wells K.N.Z.l. 
A-J) by “Koninklijke Nederlandsche Zout Industrie (Royal Netherlands Salt Industry). 


The following figures show the production of coal, oil and salt for the year 1950: 

Coal 12,247,365-metric tons 

Oil 704,840 metric tons (4,898,679 barrels) 

Salt 413,000 metric tons 

The scope of this concise note precludes a discussion of the geological results ob- 
tained in all the exploration wells. FABER (1950) has reviewed the progress made during 
the past fifty years in our knowledge of the deeper geology of the Netherlands. A list of 
publications is added to his article, containing all papers of importance to the study of the 
subsurface geology of the Netherlands. 
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BOEKBESPREKING 


Francis P. Shepard, Submarine geology. 348 
pp., 106 figs., 1 chart. New York, Harper & 
Brothers (Geoscience Series) 1948. $ 6.00. 


Ph, H. Kuenen, Marine geology. 568 pp., 246 
figs., 2 plates. New York, John Wiley & Sons 
Inc. (London, Chapman & Hall), 1950. $ 7.50. 


Two textbooks on the geology of the sea floor, 
with only slightly differing titles, both written by 
well-known experts in this field, the one Dutch, the 
other American, have been published within the last 
few years. Evidently the great increase in material 
induced both authors to condense their wide know- 
ledge into a textbook. 


The subject is an extremely important one, which 
becomes clear if one considers that the majority of 
geological formations have been formed by marine 
processes but that, when applying the actualistic 
principle, these same processes are at present very 
difficult to observe and specialized methods are 

. needed for making observations: 


Both works under review have outstanding quali- 
ties, but none the less present, wide differences. 
Kuenen’s book, exceeding the other by more than 
200 pages, is the more exhaustive, though this diffe- 
rence in size is partly accounted for by Kuenen 
having included some subjects which Shepard has 
left aside. When trying to define the difference of 
approach of the subject between the two authors one 
may roughly say that Shepard's line of thinking is 
more geomorphological and Kuenen’s more geological. 
Kuenen for instance devotes an excellent chapter of 
more than a hundred pages to the formation of mari- 


ne sediments and another of nearly 100 pages to the 
sources and transportation of marine sediments. The 
stratigrapher, in reading these chapters, will perhaps 
experience that “l’appetit vient en mangeant” and 
asking for more in a next edition, especially on the 
subject of organisms as indicators for marine environ- 
ments. In Shepard’s book, on the other hand, most 
of the information on sediments is distributed among 
the chapters on beaches, shelves, continental slopes 
and ocean floors. Coastal features, however, are 
treated by Shepard in a separate chapter, whereas 
in Kuenen’s book they are scattered in a chapter on 
sediments. Further Shepard appears to give more in- 
formation on practical methods, and detailed data on 
the topography of continental shelves, whereas Kue- 
nen goes more deeply into tectonical problems, even 
into theoretical considerations concerning the origin 
of oceans and continents. The choice of examples, 
as may be expected, has been more or less adapted 
to the personal experience of the two authors: She- 
pard’s on California, Kuenen's on the Moluccas, 
though excellent examples have also been chosen by 
the authors from literature. In controversial questions 
the authors are, of course, fully justified in laying 
stress on the arguments in favour of their own con- 
clusions, which in the case of the origin of sub- 
marine canyons are widely different, but in both 
works full recognition is given to the works and 
opinions of others. 


In conclusion we may state that both works com- 
plement each other to a certain extent and that 
geologists may be congratulated on having at their. 
disposal two outstanding textbooks on this important 
part of earth science, 


A.]. pP. 


AGENDA 


DERDE CONGRES VOOR CARBOON- 
STRATIGRAFIE EN -GEOLOGIE 


Heerlen, 25>—30 Juni 1951 


Voorlopig programma van het Derde Carboon- 
congres te Heerlen: 


Maandag 25 Juni: Opening 
Algemene voordracht Stratigrafie-Palaeogeo- 
grafie (Prof. Dr W. ]J. Jongmans) 
Palaeogeografie 


Dinsdag 26 Juni: Stratigrafie 


Algemene voordracht Palaeobotanie (Prof. Dr 
Eis)sbam) 
Palaeobotanie 


Bespreking Stratigrafische Nomenclatuur Car- 
boon 


Woensdag 27 Juni: Stratigrafie 


Eventueel Algemene voordracht Sedimentolo- 
gie (Dr D. J. Doeglas) 


Sedimentologie — Palaeobotanie (Sporologie) 


Donderdag 28 Juni: Algemene voordracht Toege- 
paste Geologie (Dr A. A. Thiadens) 


Sedimentologie - Koolpetrografie 


Vrijdag 29 Juni: Palaeontologie - Toegepaste Geo- 
logie 


Bespreking Stratigrafische Nomenclatuur Car- 
boon 


Zaterdag 30 Juni: Excursies naar de bedrijven. 


Stratigrafie - Tektoniek 
Samenvatting Stratigrafische Conclusies 


Sluiting 


Na afloop van het Congres wordt op 2 en 3 Juli 
een sedimentologische excursie in het Hollandse 
polderland gehouden. | 


Nederlandse deelnemers aan het’ Congres kunnen 
zich nog opgeven (Secretariaat: Akerstraat 88, 
Heerlen). Zij worden echter verzocht zo mogelijk. 
zelf voor logies in Heerlen of elders te zorgen. | 


Het lidmaatschap van het Congres bedraagt 
f 40,—. Deelnemers ontvangen het + 800 pagina’s 
dikke Compte Rendu gratis. De prijs van het 
Compte Rendu zal later in de boekhandel hoger zijn. 
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EXPLOSION-PROOF MINING MATERIAL 
ALSO 
FOR THE PETROLEUM INDUSTRY 


For the Netherlands: 
N.V. INGENIEURSBUREAU FROWUN & CO. - APELDOORN 


ATELIERS DE CONSTRUCTIONS ELECTRIQUES DE CHARLEROI 
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COUNTERFLUSH CORE DRILLING IN HARD FORMATION 


by C. J. ESSELING 
Chief-engineer of Conrad Stork, Haarlem. 


Counterflush drilling with continuous coring, as applied for the last 15 years, nas 
rendered excellent services for structure testing sedimentary beds. 

This success is not astonishing, if we remember the great advantages of this system 
which permits 100 per cent. of core-recovery of non-coherant material and is very econo- 
mical in comparison with standard coring methods, this because of the number of round- 
trips being reduced to a minimum. Er 

The counterflush or reversed coring system can be applied with every rotary drilling 
outfit, for which only slight arrangements are necessary. First of all the string of drill 
pipes must be flushed inside, so that the cores are not hindered in their upward course by 
any obstruction. Further the swivel must be equipped with a large goose-neck to enable 
the cores to take their way to the outlet hose. 

It is of course essential that the relation between outside diameter of the bit, the 
core, the inside diameter of the drill pipe and the pump capacity is well-chosen, so that 
the speed of the upward stream of the mud-flush can carry the cores up to the swivel. 

Normally a surface string is brought between a hundred and two hundred feet 
depth and carefully demented. This part of the hole is drilled in the ordinary way and 
drilling under the shoe of the surface casing is proceeded with a three wing or roller bit 
down to a point where one wishes to start coring. On the top of the surface string a "T” 
is placed for inlet of the mud flush. The necessary safety measures are taken by placing a 
standard master gate and blow-out preventer, while on top of the latter, a rotating stuf- 
fing box is set by means of a quick connection. 


When a string of casing is placed, the T and safety equipment and the rotating 
stuffing box must be replaced on the latter and the space between the surface casing and 
the first string must be shut off. The kelly passes tightly through the rotating stuffing 
box and is provided with an ordinary kelly cock. 

As regards the speed, counterflush drilling can favourably compete with conventional 
coring, as it offers the geologist a most complete log of the formation. 

Drilling in sedimentary beds in search of oil, it is estimated that this system is likely 
to be also applicable successfully in hard rock formation, when diamond bits are used. 

Drilling shot holes in hard rock in underground mining with bits set hard with tung- 
sten-carbid is not always successful. Neither can diamond bits of the plug, concave and 
non coring pilot type give full satisfaction, owing to the fact that the center of the bit 
does not make any circular movement and thus does not cut the formation, which results 
in low progress and crushing of the diamonds. On the other hand coring tools are not 
suitable for drilling shot holes either as there is generally no room for using core barrels 
longer than 5 feet. Moreover this system would cause a heavy loss of time for retracting 
and emptying the barrel each time it is filled with a core, apart from the trouble caused 
by pieces of small diameter of core getting jammed in the core barrel. 

It seems to be promising to apply the counterflush system also to test work, tapping 
water pockets and shot hole drilling in mines. Such holes must be started by drilling a 
larger diameter for 5 or 8 feet length and placing a surface pipe anchored against the 
formation with a rubber packing, or carefully cemented if high pressure is anticipated. 

This surface must be outfitted with T to connect the water inlet hose and the 
stuffing box. 


To shut off the drill rods, an ordinary swivel with outlet hose might be fitted on top 
of the drill rods. 

The diamond bits must be specially made for the type of drilling mentioned, the 
main point being that they are made with a small hole in the centre, so that a core is 
drilled small enough to make it break in fractions, which are easily evacuated by the 
water pressure through the drill pipe, the swivel and the outlet pipe. 
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THE BAKER MODEL „D” RETAINER PRODUCTION PACKER 


The Baker Model “D’ Retainer Production Packer represents the first successful 
change in packer principle in more than thirty years. It is a new tool for new times, new 
ideas, and new production requirements. World-wide acceptance by those who understand 
its potentialities is proving that the Baker Retainer Production Packer successfully £ulfills 
the demanding requirements of modern production problems. 


FEATURES 


The Baker Model ‘‘D’ Retainer Production Packer can best be described by what it 
will accomplish for those who use it. The packer can be set on wire line (conductor 
cable), tubing, or drill pipe. It will form a positive, leak-proof pack-off against any pressure 
differential that is safe for the casing itself, regardless of whether that differential is 
from above or below the packer. The pack-off is achieved without tubing tension or set- 
down tubing weight. Yet, the tubing can be anchored to the packer, released from the 
packer, moved through the packer, or completely removed from the packer, at the dis- 
cretion of the operator. Complete removal of the tubing string will not disturb the isolation 
of the zone below the packer, provided that the pressure differential is from below the 
packer. One of the accessories used with the Baker Packer makes it possible to change a 
lower-zone flow from the tubing to the annulus, while simultaneously producing an upper 
zone through the tubing. 

These features have increased the scope of conventional production packer applica- 
tions many fold. In the United States, the Baker Model ‘“D’ Retainer Production Packer 
has been used extensively in single-zone production, particularly where high pressures, 
corrosive conditions, or extreme depths are encountered. It has opened an entirely new 
approach to dual-zone production and is basically responsible for the increased trend 
towards multi-zone completions. Other applications include isolating bad sections of 
casing, controlled flow, gas lift, gas injection, salt water disposal, acidizing, testing, squeeze 
cementing, and water flooding. 


BASIC DESIGN PRINCIPLES 


In properly evaluating the potentialities of the Baker Model '“'D’” Retainer Production 
Packer, much can be learned from a brief description of the basic principles employed in 
its design. (See Figs. 1 and 2.) 

In direct contrast with the conventional retrievable-type production packer (which is 
designed to be an integral part or an extension of the tubing string), the Baker Retainer 
Production Packer is designed to become an integral, though drillable, part of the casing. 
The packer is run and set on wire line (conductor cable), tubing, or drill pipe. T'wo sets 
of opposed slips and a resilient packing element, confined by two lead (pb) rings actuated 
through a hydraulic setting principle, effectively lock and seal the packer in any desired 
section of the casing. The smooth bore of the packer then becomes the only means of 
communication with the area below the packer. In effect, the Baker Packer serves to 
reduce the ID of the casing at any desired location to the diameter of the packer bore. 
A flapper valve, built into the lower end of the packer, acts to isolate the packer bore 
and the casing above the packer against pressure differentials from below the packer. 

The tubing is sealed off from the bore of the packer (and, therefore, from the 
casing) by means of one or more tubing seal nipples, which are made up as an integral 
part of the tubing string. The body of each nipple is equipped with ten rings of Hycaı 
V-Type packing (five facing up and five facing down) to form a positive, leak-proof seal 
within the smooth packer bore. 

In operation, the lower end of the tubing string (stinger) forces the flapper valve 
open and establishes communication with the subpacker zone. The tubing seal nipple, 
positioned in the bore of the packer, completes a leak-proof pack-off against any pressure 
differential from either above or below the packer that is safe for the casing. 

Obviously, this type of pack-off does not depend upon tubing setdown weight oı 
tubing tension. The tubing can be moved through the bore of the packer without loss of 


seal. The tubing can be completely removed from the packer without disturbing the 
isolation of the zone below the packer. 
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Fig. 2. Cross-sectional view of Baker Model „D’ Retainer 
Production Packer set in casing and with Multi-V Tubing 
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Detail of construction of Baker 
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Model „D’ Retainer Production Packer. 
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DRILLABILITY VS. RETRIEVABILITY 


T'he Baker Model ‘‘D’ Retainer Production Packer is not a retrievable packer. It 
must be drilled out to be removed. It has the distinct advantage, however, of being 
designed to be completely drillable. With the exception of the packing element (rubber) 
and the confining lead (Pb) rings, the packer is constructed entirely of grey cast-iron. 
Grey cast-iron is not only exceptionally susceptible to drilling action, but is, in addition, 
much more resistant to corrosion than is the casing in which the packer is set. 

Operators use the Baker Model “D” Retainer Production Packer because of the 
many extra advantages and exclusive features it offers, knowing full well that it must 
be drilled up in the event removal is desired. 'T'hey also know, however, that the Baker 
Packer CAN be drilled up quickly and easily with conventional drilling equipment. 

Any discussion of the method through which a packer is removed from the well 
inevitably brings up the question of the relative importance of retrievability as opposed 
to the supposed. disadvantages, if any, involved in the removal of a packer by drilling 
action. Each packer type represents a design compromise that must be fully investigated 
as to inherent advantages and disadvantages before proper evaluation can be made of 
the method employed to remove the packer from the well. 


The Retrievable-Type Production Packer 


More than thirty years ago packer designers seized upon the idea of making a 
packer an integral part of the tubing string. In all probability, this basic principle was 
incorporated into the design of packers because, within the physical characteristic limi- 
tations of the materials (principally rubber) available at that time, there seemed to be no 
other method that would pack-off the tubing string from the casing and still permit 
subsequent removal of the tubing string. In other words, it seems 
quite possible that the necessity for having the tubing string removable at all times was 
a large (if not the prime) factor that dictated inclusion of the retrievable feature in the 
original design of retrievable-type packers. 

Present-day retrievable-type production packers, such. as anchor and hook-wall 
packers, differ little in principle and appearance from their prototypes of thirty years 
ago. Years of technical development and the incorporation of more suitable materials have 
brought the modern retrievable-type packer to a high degree of perfection. However, the 
most nearly perfect retrievable-type packer ever constructed would be subject to certain 
restrictions and limitations imposed by its retrievability. 


Conditions Imposed by Retrievability 

With the packer made up as an integral part of the tubing string, the packer must 
be retrievable if the tubing is to be removed. This, in turn, demands a pack-off in one 
direction only. Any effective pack-off in the opposite direction becomes entirely dependent 
upon the applied tubing tension or tubing set-down weight, according to the holding 
direction of the slips. And regardless of whether tubing tension or set-down weight is 
used, one direction must be kept free if the operator is to be able to release the hold o 
the slips on the casing and free the packer. ; 

In order to withstand an appreciable amount of tubing tension or tubing set-down 
weight, the retrievable packer must be constructed of high-tensile-strength materials. 
Unfortunately, the steels and alloys possessing this characteristic cannot, in any sense, 
be considered to be drillable. Consequently, removal of such a packer would pose quite 
a problem, should the packer somehow lose its retrievability. 

Retrievability in itself has some disadvantages when it is considered that removal 
of the tubing necessitates removal of the packer. Removal of the packer has a tendency 
to swab the well, sometimes with undesirable results. In addition, conditions requiring the 
continued isolation of a high-pressure producing zone or the separation of a high- and a 
relatively low-pressure zone in dual-zone production, make removal of the packer inad- 
visable if adequate control is to be maintained. 

This is not to imply that retrievable-type production packers are obsolete or in- 
adequate, because the thousands of them in daily use prove otherwise, Retrievable-type 
packers may be used advantageously where well conditions permit, but their use is not 
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geuerally dictated solely because of their retrievability. It is well to keep in mind that 
retrievability of the packer has no value except after the packer has performed its func- 
tion. When the limitations and restrictions imposed upon retrievable-type packers by 
retrievability are compared with the many exclusive advantages of the drillable-retainer- 
type production packer, the single advantage of “retrievability' diminishes in importance. 

The Baker Retainer Production Packer, because it permits removal of the tubing 
string, does not normally have to be removed except for a major production change, such 
as deepening the well. Washing, cleanout, acidizing, and even limited perforating opera- 
tions can be conducted through the-bore of the packer. 


AN EXAMPLE OF PACKER VERSATILITY 


The hypothetical case described below serves to illustrate many of the proven func- 
tions of the versatile Baker Model “D’” Retainer Production Packer. 

A well is completed for single-zone production, using a Baker Retainer Production 
Packer. After a time, there is a drop in formation pressure due to a quantitative decrease 
in available formation gas. Without a production packer, this condition sometimes results 
in a "heading” (intermittant pulsating flow) well. “Heading’” produces periodic, high- 
fluid velocities in the vicinity of the perforations and has a tendency to “kick’ sand into 
the well, causing destruction of the perforations or screen .The presence of a production 
packer decreases the annular volume above the production zone and permits a more rapid 
pressure build up. Installation of appropriate-size bottom-hole or surface chokes increases 
the duration of each “head” to the point where overlapping is reached to produce 
steady flow. 

After an interval of time, assuming that proper well conditions exist, the well is 
placed on gas lift. Installation, removal for inspection, and repair of injector valves can 
be accomplished by removing the tubing string without disturbing the isolation of the 
zone below the packer. This is important where the well tends to flow or make “heads’ 
when the tubing is removed. 

At a later production phase, the well is put on the pump. The installation of a special 
sub (No-Left-Turn Latching Sub) in the tubing string immediately above the highest 
tubing seal nipple makes it possible to anchor the tubing string to the packer by merely 
setting down lightly on the top of the packer. After the sub has latched into the top 
of the packer, the tubing is placed in tension to permit satisfactory operation of the pump. 
Release from the packer is obtained by rotating the tubing to the right. 

At a still later production phase, it becomes necessary to abandon the well per- 
manently. The perforations are squeezed off through the packer. The tubing string is 
removed and the packer is converted in place to a permanent bridge plug by dropping 
a special trip bob designed to seal off the bore of the packer. 

Of course, no single installation is likely to involve each of these assumed phases in 
the life of a well, but the fact remains that a single Baker Retainer Production Packer 
installation could perform satisfactorily under these changing conditions without ever 
having to be removed. 


UNIQUE APPLICATIONS 


The Baker Retainer Production Packer assumes its greatest significance in conjunc- 
tion with dual-zone or multi-zone production. An infinite number of production require- 
ments can be met through the use of two packers and the Change-Over Flow accessory. 
Aside from strictly routine dual-zone production, demanding separate control of each 
zone, there exist the following listed unique applications: 

Dual-zone production: Pumping the upper zone, flowing the lower. 

Dual-zone production: Controlling sand conditions in either zone or in both zones 

concurrently. 

Separation of Two Zones for Separate Analysis: Obviates the running of instru- 

ments in the annulus. 

Selective Acidizing 

Water Injection: Using the. same well for the purpose of water supply and injection. 

Protection of wells in lakes or off-shore installations against sudden loss of surface 

control resulting from accidental damage or unforeseen acts of nature. 


IX 
CONCLUSION 

It has been pointed out that weaknesses exist in retrievable-type production packers 
__ weaknesses not inherent in the construction of the individual packer, but rather in 
the general design premise that the packer should be a part of the tubing string. It is 
certainly obvious that retrievable-type packers have a definite place in the production 
phase of the oil industry. But it is equally obvious, nevertheless, that no single tool, 
employing a constant principle, can possibly remain a panacea throughout thirty years of 
significant technological advancement in production methods. 

At one time, the range of applications of the retrievable-type packer sufficed to meet 
the full field of requirements for production packers. Over a period of thirty years, how- 
ever, while production packer design remained practically static, that field of requirements 
expanded. T'he effect of this expansion was to reduced the relative scope of the retriev- 
able-type packer. It became obvious, therefore, that an entirely new type of production 
packer was needed. 

The Baker Model “D” Retainer Production Packer was-designed to meet that need. 
And it is now becoming increasingly evident that this modern tool not only fulfills the 
expanded requirements of the petroleum industry for production packers, but also per- 
mits even greater progress in the development of new production techniques. 


RECENT DEVELOPMENTS OF PUMPING UNITS 
Pumping Units 
For the winning of crude oil from an oil well very often a Pumping Unit will be 
applied for driving the deepwell linerpump, operating on the bottom of the well. 


The main parts of a Pumping Unit are: walking beam, Samson post, gearbox with 
cranks and Pitman, steel foundation and engine drive. 


The walking beam is supported in a centre iron, located on top of the Samson post. 
The linerpump is suspended by means of a number of suckerrods, the total length of 
which corresponds with the depth of the well. The polished rod runs in a stuffing box. 
In order to avoid excessive wear it is quite essential to move the polished rod straight up 


and down. Fullfilling that aim is accomplished by the horsehead, guiding the non spinning 
line, on which the polished rod has been suspended. 


By moving the walking beam across the centre iron it is possible to adjust the horse- 
head exactly in line with the well. The centre iron oscillates continuously over a small 
arc. This, combined with the pressure being constantly directed downwards, makes the 
conditions for proper lubrication extremely difficult. Special attention has been paid to 


this problem in the design of the Thomassen Pumping Units. Dustproof packing has been 
applied wherever necessary. 


Absolute accurate erection of a Pumping Unit on an oilfield can only very seldom 
be attained. Minor deviations might cause an unfavourable stress on many of the parts. 
Accurate calculating cannot avoid difficulties in this respect. 


With a slightly leaning erection of the unit the Pitman bearings might jam, causing 
the bearings to run hot. To avoid this the Pitmans have self aligning bearings on the 
crankpins, the top ends are provided with free swinging trunnions. 


On the latest Thomassen units these bearings show another remarkable feature. For 
a proper maintenance of the unit oil has to be replenished at certain intervals for all 
parts that need lubrication. This can be done during the uninterrupted operation of the 
unit with nearly all centers of rotation, except however with these very top bearings. 
For this reason only it would be necessary to stop the unit, causing a loss of production 


time. Besides: starting up of the unit is not always li i 
easy, according to the special - 
ties of the crude, & - 5 5 oc 


The latest Thomassen Pumping Units now are provided with registered automatical 


lubricating devices on the Pitman to i ishing i 
p bearings so that replenishing is onl 
long intervals, ; i ; a a 


Thomassen Pumping Unit, type BF, driven bij a Thomassen gas engine, type S 3. 


The main part of a pumping unit is evidently the gearbox. All postwar Thomassen 
units have twin crank double reduction gearboxes, being suitable for drive both by an 
electric motor and by a gas engine. 

Gears can be calculated with respect to the required strength and to the admissable 
wear. It goes without saying that these points are of the greatest importance. 

Breakage of the gears can not be tolerated nor any excessive wear. As usually, in 
this case as well the admissable wear is determinative for the dimensions of the gears, 
being rather complicated though because this entire problem depends mainly on the pur- 
pose for which the gears must serve. 

Therefore, the American Petroleum Institute laid down ratings a good gearbox for 
a pumping unit should comply with. All Thomassen Pumping Unit gearboxes have been 
calculated according to these ratings so that a long term of life has been assured. 

The cast iron gear wheels have shrunk-on rims of forged special steel, in which 
herringbone teeth are cut on an extremely accurate precision gearcutting machine. A tooth 
gearing, however, can never give real good results if the bearings of the shafts and the 
wheels do not comply with the highest requirements. In the first place the box itself 
should be of extremely sturdy construction. Besides the bearings should be amply dimen- 
sioned and properly designed. 

In a Thomassen gearbox the main shaft, on which both the large gear wheel and the 
cranks are shrunk, runs in plain bearings. T’'he two high speed shafts run on heavy duty 
roller bearings. For easy assembly and disassembly the gearbox has been divided in two 
parts horizontally across the bearings. It is, however, undesirable to place a bearing in a 
split bore as this type of bearing requires a most accurate fitting. 

Therefore the Thomassen gearboxes are provided with separate housings for taking 
up the roller bearings. 

All parts of these gearboxes are interchangeable so that f.i. only one gearwheel 
can be replaced by a new one without being obliged to renew the entire set. 
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The stroke of the unit can be adjusted to four different values by merely changing 
the position of the easily disconnectable crank pins. 


Gear Box for a Thomassen 
Pumping Uni‘, type BF. 


Movable counterweights are mounted on the cranks for adjusting the required coun- 
terbalance effect of the unit. In order to suit various circumstances the Thomassen 
Pumping Units are being produced for different rod loads and stroke lengths, ranging 
from 6000 lbs max. polished rod load at a stroke of 36” up to 30.000 Ibs rod load at a 
stroke of 120”. In between are units of 10.000, 15.000, 20.000 and 25.000 Ibs rod load at 
strokes of resp. 42”, 54°, 72” and 72”. | 


As stated before, the units can be driven both by an electric motor and by a gas 
engine. In the latter case the light units may be driven by a T'homassen gas engine type 
Os, rating 12 HP, the heavier units by a Thomassen gas engine type S3 (24 HP) or 2S3 
(48 HP) and the heaviest units by a gas engine type 4FaG rating 100 HP. 


These gas engines are especially designed for reliable continuous operation without 
supervision and requiring a minimum of maintenance. Safety devices on the lube oil pres- 
sure and cooling water temperature take care of stopping the engine in an emergency. 


The drive of the gearbox by the engine is effected by means of V-belts. A friction 
clutch on the crankshaft is provided for starting the engine independently. 


In case of electric motor drive this motor can be placed under the Samson post if 
required, thus shortening the steel foundation. 


While servicing the oil well or while making repairs it is necessary to secure the 


walking beam in a certain position. For this purpose a simple friction brake is applied on 
the driving shaft of the gearbox. 


For treatment of the well it is at the same time necessary being able to sling back 


the horsehead for free working space. This feature as well typifies the Thomassen 
Pumping Units. 
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TYPICAL PRODUCTS OF A SWISS ENGINEERING WORKS 


Among the pioneers of Swiss industry the engineering firm of Sulzer Brothers Limited 
in Winterthur holds a prominent place. Since its foundation in 1834, it has carried the 
name of its home town into all the countries of the world. As a family enterprise it can 
boast of an even longer history, since it was in the year 1775 that Salomon Sulzer 
opened the first brass foundry within the walls of the town, 

The enterprise began as a metal foundry only, to which later a modest machine shop 
was added. 'T'he rapid development on the Swiss textile industry in those days led to a 
keen demand for efficient machines, and it was from this source that the young concern 
received the stimulus necessity for swift growth. In the course of the years new manu- 
facturing lines were incorporated in its programme; and in this way, from the first small 
beginnings, the firm in its present form evolved. 


View of the erecting hall for large Diesel engines in the works of 
Sulzer Brothers Ltd. at Winterthur, Switzerland. 


In view of this development, it is interesting today to note the wide range of pro- 
ducts manufactured, which are drawn from almost all branches of mechanical engineering 
and are briefly surveyed in the following paragraphs. 
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Diesel power station at Broken Hill, Australia, equipped with single-acting Sulzer two-stroke Diesel engines, 


Diesel-electric locomotive of 4,400 H.P. owned by the Rumanian State Railways. 


Diesel Engines. Diesel engines are among the main products of the firm, the largest 
contingent being marine types. It were the high-power units which were chiefly responsible 
for establishing a world-wide reputation in this branch. One of the most famous ships 
propelled by Sulzer engines is the Dutch liner “Oranje'”, which is equipped with three 
twelve-cylinder two-stroke engines totalling 37,500 H.P., and with its speed of 26.3 knots 
is the world's fastest liner. As a stationary plant, the electric power station in Shanghai 
deserves mention; with its 50,000 H.P. it is the largest Diesel power station in the world. 
Further large power plants with outputs of over 20,000 H.P. are installed in a mine in 
Australia and in electricity works in Rumania and Switzerland. A 4,400-H.P. Sulzer 
Diesel locomotive in service in Rumania may serve as an example of Sulzer traction units. 
A new working process for the internal combustion engine is now being followed up in 
the form of the highly supercharged two-stroke engine. 


Centrifugal Pumps. Sulzer centrifugal pumps have a particularly wide field of 
application. High-lift pumps are used in municipal waterworks, for drainage in mines, in 
docks and ships and for fire-extinguishing purposes. Interesting examples of low-pressure 
installations are the large irrigation plants in Egypt which — in many cases driven by 
steam or Diesel engines — together deliver the substantial quantity of 150 million gallons 
of water per hour to the cultivated land bordering the Nile. A further outstanding achieve- 
ment of the pump department are the three pumps supplied to an hydraulic storage station, 
which deliver 170,000 gals. per min. each to a height of 540 feet, while requiring 33,000 
H.P. Another remarkable pump working at a pressure of 3,550 Ib. per sq.in. and absorbing 
2,500 H.P. was delivered to an electricity works in Belgium for boiler feed purposes. The 
firm has also been building vertical centrifugal pumps for many years past, special types 
in this category being borehole pumps and more recently submersible electric pumps. The 
full range of the pump department also includes pumps for sewage and for viscous liquids, 
self-priming pumps, acid pumps for the chemical industry, stoneware pumps, cold and 
hot oil pumps for refineries, water-ring air pumps etc. 

Another section of this department is occupied with axial and radial compressors, 


Four Sulzer screw pumps each delivering 125 cu.ft. per sec. 


small blowers and medium and high pressure fans, which have been built for various 
purposes since the sixties of last century. 

Steam Boilers. The building of steam boilers has always been one of the main items 
on Sulzer Brothers’ extensive manufacturing list, and today the firm can claim over one 
hundred years’ experience in this line. They have planned and executed large numbers of 
complete steam and hot-water generating plants for a wide variety of purposes and up to 
the highest practicable working pressures. 

The traditional flue boilers are still employed today for many purposes, though in 
completely welded form. For medium pressures the firm builds sectional boilers, upright 
and inclined water-tube boilers with bent tubes, and recently also radiation boilers, which 
are becoming increasingly popular for large units and plants with pulverised coal firing. 
The designs which have been developed for high pressures are especially worthy of note. 
Sulzer monotube boilers are already in service with outputs up to 275,000 Ib. per hour 
and pressures up to 2,100 Ib. per sq.in., and further units with capacities of as much as 
485,000 Ib. per hour are now under construction. Mention should also be made of electric 
boilers for steam and hot water, which are today of great importance in combination 
with accumulator plants, as they make it possible to use up waste current and thus to save 
large quantities of fuel. 

Tanks and Process Equipment. In recent years the construction of tanks and pro- 
cess equipment has been greatly promoted. Outstanding in this line are Sulzer evapo- 
rating plants for the chemical, foodstuffs and soft drink industries. The vacuum plants 
operate on the principle of low-temperature evaporation. Notable results have also been 
achieved with Sulzer dust separators on the van Tongeren system, which are used for 
recovering or eliminating dust or pulverulent substances from gases or air currents. 

Gas Turbines. In recent times the gas turbine has established itself as a promising 
proposition alongside the other prime movers. Of primary interest to Sulzer Brothers, 
among its various applications, was from the outset the possibility of using it for marine 
propulsion, where their Diesel engines had upheld a tradition of excellence for over 


Part model of a large industrial plant erected abroad with 
six monotube steam generators. 
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thirty years on all the sea routes of 
the world. 

With this end in view Sulzer 
Brothers have taken up the develop- 
ment of a new gas turbine process 
which shall fulfil the requirements of 
marine service while at the same 
time being in all ways suitable for 
stationary power generation. 

Refrigerating Machinery. Re- 
frigerating machines were first manu- 
factured by Sulzer Brothers in the 
seventies of the past century. Am- 
monia compressors are built from 
20,000 B.Th.U. per hour up to the 
highest outputs. A peak achievement 
to be recorded is the production of 
two ammonia compressors of 32 and 
40 million B.Th.U. per hour refri- 
gerating capacity, these being the 
biggest refrigerating compressors in 
the world. In recent times deep- 
cooling plants for preserving fruit, 
vegetables and meat have been built 
with great success, for working tem- 
peratures down to — 75° F. The 
serial manufacture of piston-type re- 
frigerating compressors with from 
two to five stages embraces units 
from 60,000 up to 4,800,000 B.Th.U. 
per hour. 


Refrigerating machinery at the Rorschach Canning Works. 
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STATIONARY OIL FIELD COMPRESSOR MODEL OFC. 
by Dipl.-Ing. W. MUTHER 


DEMAG has supplied great numbers of compressors to domestic and foreign 
mineral oil industries. The line of development leads from belt-driven compressors, direct-coupled engine 
or motor driven compressor sets to monobloc type direct connected units, in which the driver is an integral 
part of the machine. The machine not only is employed in the oil industry for the gas lift and repressuring 
methods, longdistance gas boosting, driving pumps and generators, but is used also for the long-distance 
city gas system and wherever gas suitable for driving a gas engine is available. 


About 20 years ago, DEMAG supplied its first compressors to the oil industry. 
These compressors were driven by gas engines or electric motors through flat belts or 


V-belts. 


Since many years, 


Fig. 1: Engine Driven Compressors, Model OFC 6, from a group of eleven machines. "These three Com- 

pfessors are equipped with Single-Stage, Double-Acting Low-Pressure Cylinders and they work at an 

Intake Pressure of 0.75 atm. abs. and a Discharge Pressure of 4 atm. abs. Each machine has a capacity 
; of abt. 55,000 cu.m. in 24 hours. 

The disadvantages of the belt drive in natural gas compressing stations are well 
known: Explosion harzard due to spark formation; loss of power; bulky construction of 
the machine set. 

This was why in plants supplied later on a horizontal gas engine was adopted as 
prime mover and direct coupled with the compressor. 

While this model eliminated the drawbacks of the belt drive, it did not yet satisfy 
the demand of little space requirement. DEMAG therefore built a direct-connected 
monobloc type engine driven compressor. 

Fig. 1 shows three engine driven compressor units of the OFC 6 model belonging 
to a group of eleven machines destined for South America. 


Design of the Machines. 
The design of model OFC 6, for example, may be seen from figs. 2 and 3. 
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A three-throw crankshaft is carried in six bearings in a frame common to engine 
and compressor. The compressor cylinders are in a horizontal plane, one connected to 
each throw of the crankshaft. Each compressor piston is direct driven by two power 
cylinders in V-arrangement, through the connecting rods of the power cylinders pivoted 
to the connecting rod of the compressor cylinder. With this arrangement of power and 
compressor cylinders, clearly visible in fig. 3, in combination with balance weights, per- 
fecty balanced inertia is ensured. This property, and the multiple-throw system result 
in a steady, vibrationless and smooth running of the machine. 


The engine works on the four-stroke cycle. In view of the high thermal loading of 
the engine, due to the combustion of natural gas, particular care was applied to ensure 


Fig. 2: Longitudinal Section through Engine-Driven Compressor OFC 6. 

efficient dissipation of heat from the combustion chambers. Thus, the power pistons were 
made of light-weight alloy in order to accommodate the largest possible cross sections in 
the heat dissipating portion of the piston and because the light-weight alloy has an 
appreciably higher thermal conductivity than cast iron. T'he fire bridge above the piston 
rings is provided with squeeze yokes which, while of sufficient diameter to ensure against 
blow-by of flame to the piston rings, do not score the cylinder wall but plastically adapt 
themselves to the wall. 

The valve seats were made from special-grade electric cast iron (chromium-molyde- 
num alloy) which is characterized by its great hardness and resistance to heat. They 
were cooled to a low temperature and then firmly fitted into the engine cylinders, so 
that effective heat dissipation through cylinder walls and cooling water is ensured. 

The engine cylinder head was designed on the basis of extensive trials to determine 
the most satisfactory shape of the combustion chamber, optimum heat dissipation and 
insurance against heat cracks. The cylinder head accommodates only sparking piug and 
starting check valve. 

Inlet and exhaust valves are timed by a common camshaft arranged symetrically in 
relation to the cylinder pairs and driven from the camshaft through timing gears. 


All gear shafts are carried in plain bearings. 


Fig. 3: Cross Section through Engine-Driven Compressor OFC 6, 


Cooling. 


Power cylinders and cylinder heads, as well as compressor cylinders and covers are 
of cast iron and are watercooled. Only the compressor cylinders and covers for a dis- 
charge pressure of 100 atm. gauge and over are made of’ steel and fitted with cast iron 
liners. The engine works 

! best at cooling water 

3 temperatures of 55 to 
60° C at the inlet, and 
65 to 70°. GC. at.tbe 
outlet, Hence, the 
temperature gradient 
amounts to 10° C. 

The compressor 
has a safe temperature 
gradient of 5° C. 

In order to main- 
tain these safe tempe- 
rature gradients, the 
machine is equipped 
with its own water 
pump which circulates 
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Fig. 4: Schematic Diagram of the Cooling Water 
Circuit. 

(a) Compressor, (b) Centrifugal pump, (c) Oil 
cooler, (d) T'hermometer, (e) Intercooler, (f) Cooling 
tower, (g) Cold water inlet, (h) Hot water outlet in 


case of cooling tower failure, (i) Drainage, (k) Air 
vent. 


Lubrication. 


a large volume of soft 
water. A heat exchan- 
ger must be interposed 
in this water circuit 
(tube-type cooler or 
cooling tower), fig. 4. 


The machine is equipped with two separate lubricating systems. All gear bearings 


and camshaft bearings are lubricated by an oil pump circulating the oil through a cooler 
and dual filter. 
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Engine cylinder walls are 
splash lubricated. 

Compressor cylinders and 
stuffing boxes are lubricated by a 
Bosch oiler with sightfeed indi- 
cators. 


Ignition. 


Each machine is equipped 
with two Bosch magnetos. 


Speed C ontrol. 


The engine speed is control- 
led by means of an oil pressure 
governor operated servomotor (in- 
direct acting governor). 

The governor serves for 
speed variation only, the range of 
adjustment being from 350 r.p.m., 
the normal rated speed, infinitely 
down to 200 r.p.m. 


Safety Devices 


(a) Against excessive speed. 
Each machine is equipped 
with a small centrifugal type 
governor which safely pre- 
vents the engine 'from ex- 
ceeding its permissible speed. 


(b) Against lack of oil. 
A contact-plate spring pres- 
sure gauge mounted in the 
oil circuit short-circuits the 
ignition system and thus 
stops the engine if there is 
a lack of oil. 


(c) Against lack of cooling water. 
Should the cooling water 
temperature rise above the 
safe limit due to failure of 
the water pump, or if the wa- 
ter leaks from a line break, 
the ignition system is also 
short-circuited and the ma- 
chine stopped by a remote- 
contact thermometer. 
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"Fig. 6. Discharge Volume Q and Efficiency is. of Engine Compressor OFC6 at single-stage and multi- 
stage compression, 


Engine and Compressor Characteristics: 


E Normal rated speed.......... 350 2.p.m. 
NaaesDeede rn lee nessun. 200 r.p.m. 
Actual power exerted by each pair of cylinders on crosshead ..............- Ta 


The engine output varies in direct ratio with the speed in the range from 350 to 
200 r.p.m. 

When working on city gas of 3,800 Kcal at N.T.P., model OFC 6 has an output 
rating of abt. 200 H.P., the rating of the other models being lower or higher respectively. 
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The power requirement at full and partial loading can be seen from fig. 5. When 
considering the specific actual power requirement of 2,450 Kcal/H.P.hr. at full load, it 
should be noted that this includes frictional loss of main, big-end and cross-head bearings, 
as well as of the cross-head slide shoes and lubricating pumps. Thus, when making a 
comparison with separate gas engine drivers, the actual specific power requirement stated 
for the OFC machines must be reduced by the aforementioned proportion of the 
mechanical efficiency, that is, to 2,450 X 0.9 = 2,200 Kcal/H.P.hr. 

The compressor cylinders are preferably of the single stage, double-acting type. By 
means of a suitable spacer they can be mounted and dismounted in the engine-com- 
pressor main frame in an easy way. Thus, in regard to compression, there are the follow- 
ing alternatives of variation: 

OFC 2=1 compressor cylinder 
single-stage compression. 
OFC 4=2 compressor cylinder 
single- or two-stage compression. 
OFC 6=3 compressor cylinders 
single-stage, or two-stage, or 
three-stage compression. 
OFC 8=4 compressor cylinders 
single-stage, or two-stage, or 
three-stage, or four-stage compression. 

In case the discharge conditions of an existing plant are changed in such a manner 
that, while the power requirement of the compressor increases, it still does not appear 
advisable to substitute other compressor cylinders, it is possible by operating the clearance 
pocket regulating device to reduce the discharge volume so as to fully utilize but not 
overload the engine. 

By adjustment of the clearance pocket piston, the discharge volume of the rear 
cylinder end can de reduced to 0, while the discharge volume of the front cylinder can 
equally be reduced to O0 by lifting the inlet valve. These two methods of regulation can 
be so combined that the discharge volume can be infinitely varied down to 0. With the 
aid of a table supplied with every machine, the operator is in a position to set the 
regulating device on a dial. 


Sizes and Weights of the Machines. 


Mosel OF 2 OFC 6 OFC 8 


Oxeyallt length ee. mm *) 3,350 3,350 3,350 
@yerell- width ee: mm 1,770 2,460 4,440 
Overall height above floor 

leselzof: machineshouse in nee mm 2,300 2,300 2,300 
Heaviest lift (engine only), net ............ tons 5 7:5 13 
Totale weicht net ee: tons **) 6—8.3 9,4—14 16.7—26 | 
Smallest space requirement .............. cu.m. H 10 18 


Heaviest lift (engine only), gross ......... 


Rotal weight Marossm ee ee # 10.1—14.7 


Cubic contents of the heaviest 


Dttie (engine, only re cu.m. 16.5 23 
Totalmeubier contents EI cu.m. **) 19—22 26—31 


EA 6. \ 12.5 


*) exclusive of clearance pocket regulating device, 


ee ee Mn ee We Fr 
**) depending upon size of compressor, 


Rotary 


Geared Deep Well Drilling Rigs 


for the greatest depths, with torque 
converter drive giving infinite speed 
control and torque multiplication pre- 
cisely as and when you need it. Equip- 
ped with Diesel engines or electric 
motors. 


Oil Field Compressor 
Model OFC 

The direct connected engine driven 
compressor unit for the gas lift and 
repressuring process. 


DEMAC AKTIENGESEILSCHAFT DUISBURG 
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SIGMUND PUMPS IN NEW CHEMICAL PLANT AT STANLOW 


The New Plant of the Shell Chemical Manufacturing Co. Ltd. is located at Stanlow, 
near Ellesmere Port, on the Manchester Ship Canal. It is adjacent to the existing Stan- 
low Refinery, and the new Shell Refinery now under construction. When the whole 
scheme is completed it will occupy an area of 1800 acres. 


The Plant was originally designed as an independent unit, to produce 24,000 tons 
per annum of solvents by the pyrolysis of.gas oil. However, once the new Refinery is 
completed the solvents will be manufactüred from the gas produced during normal 
refinery operations, thus making the whole an integrated process, starting from crude oil 
and ending with petroleum chemicals. 


The Stanlow Plant has been designed for a maximum of automatic control and thus, 
while it will make a relatively small demand on the country’s labour force, it has neces- 
sitated a very high capital expenditure for specialised instruments and equipment em- 
bodying the latest advances in petrochemical technology. 


The chemicals produced, apart from their solvent use, have a wide application in 
synthesis in industry and are processed from petroleum gases which not many years 
ago were useless refinery by-products. These gases result from “cracking” oil at high 
temperature and low pressure and the aim is to produce fractions containing three or 
four carbon atoms. Propylene is the three-carbon compound in the lighter fractions and 
it is reacted with sulphuric acid; the resulting alkyl esters are converted to isopropyl 
alcohol which, in turn, becomes the basis for many other chemicals. The C, fraction, 
after treatment to remove unwanted constituents, gives butylene and butane, the former, 
in turn, yielding secondary butyl alcohol and methyl ethyl ketone. The initial range of 
solvents from the Stanlow Plant will be: 


Isopropyl Alcohol Methyl isobutyl ketone 
Isopropyl ether Mesityl oxide 

Acetone Secondary butyl alcohol 
Diacetone Methyl ethyl ketone 


The propelling and circulating of these liquids from one place and section to another 
and through stills, tanks, columns and heat exchangers is done by a variety of very 
special pumps. After prolonged discussions about design, features and materials, an order 
was placed by Messrs Shell Chemical Manufacturing Co. Ltd. with Sigmund Pumps Ltd. 
for well over 250 centrifugal pumps, covering the majority of all pumping conditions in 
the new plant. 


Some of the liquids are extremely volatile, others toxic; many are pumped at high 
temperatures (some above 600° F.); and again some are very expensive, costing in some 
cases over 10/- per gallon. All kinds of liquids, from propanes and butanes to viscous 
fuels have to be dealt with. These conditions demand extreme reliability of the pumps 
throughout, but especially of the shaft sealing member, in order to reduce leakage to an 
absolute minimum. 


The large number of pumps involved created a considerable maintenance problem, 
as it seemed quite out of proportion to have a spare pump available for each duty, as is 
often done in refineries. To deal with all these aspects, all the duties to be performed 
were tabulated and then grouped. Thus, 3 basic pump designs were selected; a single- 
stage pump, a two-stage pump and a multi-stage barrel pump. Within these groups steps 
were taken to keep variations of parts to a minimum by employing the same internal 
parts in all three groups. There are single-stage, two-stage and multi-stage barrel pumps 
‚ all employing the same impellers and wear rings, and between single and two-stage 

pumps only one bearing assembly is used. 

Thus, about half of the total number of pumps supplied use the same wear rings, 
shaft sleeves and other wearing parts in single, two-stage and multi-stage units, and even 
in some vertical sump pumps. T’here are only two sizes of impellers used in these pumps, 
differing only in width, thus leaving all other components similar. A second batch of 
about 80 pumps again uses another size of impeller and relevant components, one bearing 
assembly only being used for this group. 
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soda solution at 90° deg. F. 


Single-stage diffuser type pumps with horizontal branches opposite 
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Sigmund two stage pumps for light gasoline in a gas tail unit. 


Over three quarters of all the pump have only two sizes of bearing assemblies in 
single and two-stage pumps. It will be appreciated that the inevitable problems of 
maintenance during operation are much facilitated by this method and the work of store- 
keeping reduced to a few items only, which not only simplifies maintenance but also 
reduces the outlay for spare parts considerably. 


As for the basic design, most of the pumps employ diffusers in either a ring casing 
or a volute casing. This has, in the case of ring casings, simplified the positioning of 
pump branches, the intakes being either horizontal, left or right, with outlets opposite, or 
top-top in an otherwise similar casing and similar direction of rotation. Apart from this 
consideration, however, diffusers were chosen for another important reason. As is well 
known, simple volute type pumps have a heavy radial thrust, set up by pressure con- 
ditions in the volute against the shaft. This tends not only to deflect the shaft in one 
direction, but also to create various states of deflection and vibration when controlling 
pump outputs during operation, which is done automatically by appropriate instrumen- 
tation. 


« The result of this unsteadiness of the shafts is quick wear of packings and shaft 
sleeves and difficulty in controlling leakage. Diffusers eliminate largely any radial thrust 
against the shaft and thus tend to reduce leakage to an unavoidable minimum. A leakage 
of 1 gallon per hour, when the price of the liquid is 10/- per gallon, would constitute a 
loss of £ 12.0.0 per day, a loss which is in almost all cases total, because of the liquids 
evaporate on getting into the atmosphere. Provision is made for inserting Sigmund 
Mechanical Seals without any further modification, and after first using soft packing 
with appropriate and, in some cases, rather elaborate sealing systems, mechanical seals 
are now being installed for the more onerous duties. 

As a further means of reducing gland leakage, all stuffing boxes are kept under 
suction pressure only, this being accomplished by having the pump intake at the stuffing 
box end. This design feature has the further advantage of washing solids, such as crySs- 
tals or grit, away from the stuffing box, instead of against it, as is the case with the 
more orthodox pump design. A cooling chamber surrounding the suction improves suc- 


tion fiow conditions on volatile and/or hot liquids. The general type of pump supplied is 
shown in Figure 4. 


Finally, it may be of interest to give details of a reactor pump dealing with an 
onerous sludge consisting of light hydrocarbon and acid. This pump is used as a 


Group of two-stage and multi-stage pumping units. 
The two-stage in the foreground are handling butanes at 31 p.s.i., 40 deg. F. 


Stainles steel 18-8-3 Sigmund Pricess Pumps in first distillation unit at Cardon working at temperature 
of /S0r ur 


Sigmund process pumps installed in a catalytic cracking unit. 


Sigma Multi-stage barrel type pumps showing footmounted unit with horizontal branches and centre line 
mounted unit for high temperature duties, with vertical branches. 
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reactor pump handling a mixture of hydrocarbon and acid. Again, the suction inlet at 
the stuffing box end is a typical feature. In this case, a special sealing system was 
thought necessary, with injection and throttle clearances, to keep the amount of sealing 
liquid used to a minimum. The liquid used for sealing is concentrated sulphuric acid, and 
stuffing box parts, as well as bedplates, are lead lined. Due to the length of the overhung 
shaft portion thus required, it was found necessary to incorporate an internal bearing. 
This could be done in this instance because the acid pumped, though extremely corrosive, 
is a good lubricant. Special materials are used throughout for this pump and the shaft 
protecting sleeves and bearing bushes are faced with Colmonoy No. 6, an extremely 
hard and corrosion-resisting material. 


For a considerable number of duties, where light hydrocarbons are pumped at high 
temperatures and pressures, barrel pumps were supplied with from 3 to 8 stages. In these, 
only 2 joints are used, one of which is under high pressure, so that the danger of leakages 
from a multitude of vertical casing joints is reduced to a minimum. Figure 7 shows a 
group of Sigmund high pressure barrel pumps. 


It will thus be seen that the supply of pumps for the above plant has involved the 
solution of quite an array of problems, which could only be done through the closest 
co-operation between the staff of Shell Chemical Manufacturing Co. Ltd., as future 
operators of the plant, and Sigmund Pumps Ltd., Gateshead, as the suppliers of this 
specialised equipment. 


At about the same time as the pumps were being manufactured for Stanlow, an- 
other large contract was being completed — for the supply of Sigmund pumps to the first 
distillation unit in the Shell Refinery, at Cardon, Venezuela. 

These pumps have proved so successful in operation that the contract for a further 
group of pumps for the second distillation unit at Cardon has now been placed with 
Sigmund Pumps. 


When this second unit has been completed, Sigmund pumps totalling 20,000 h.p. 
will have been supplied — the largest installation of its type to be equipped with British 
designed process pumps, and the total crude oil intake of the refinery when the additional 
distillation unit is completed will be approximately 140,000 barrels per day. 


This important contract is a further step in the successful record of this British 
engineering company. Entering the oil refining field after the war, Sigmund pumps have 
supplied hundreds of units which are now operating satisfactorily in oil refineries all over 
the world, handling liquids at very high pressures and at temperatures up to 900° F. 


Sigmund’s refinery pump range, produced in conjunction with numerous other types 
for industry, water supply and other duties, comprise over a hundred types — designed 
and engineered almost exclusively by local staff in the new Sigmund factory at Gates- 
head on Tyne, which has been laid out and equipped to provide the finest possible 
facilities for the design, manufacture, and testing of high grade pumping equipment. 


WAGON CITERNE DE 48 M2 AVEC RECHAUFFEUR POUR PRODUITS PETROLIERS 
LOURDS CONSTRUITS POUR LA „BATAAFSCHE PETROLEUM MAATSCHAPPIJ” (HOLLANDE) 


*“ 


WAGONS ® VOITURES ® LOCOMOTIVES 
AUTOBUS e TROLLEYBUS 
PONTS ET CHARPENTES ® EMBOUTIS LOURDS ET MOYENS 


ELEMENTS DE CONDUITES FORCEES e APPAREIIS SOUDES POUR HAUTES PRESSIONS 
RESSORTS e PIECES DE FORGE ® BRIDES POUR TUYAUTERIES A HAUTES PRESSIONS 
TOLES GALVANISEES 


SOCIETE 


ANONYME Id / Ka Base BELGIOUE 


SIEGE; SOCIAL ET USINES A 
DIRECTION GENERALE NIVELLES e TUBIZE 
NIVELLES LA SAMBRE ET MANAGE 


Telephone : Nivelles 22 ®  Telegr. : Metal-Nivelles 


a EST Editions SCIENCE & TECHNIQUE 
dh 21, rue Newton, BRUXELLES 


NETHERLANDS DOCK AND 


SHIPBUILDING CO. 
AMSTERDAM 


Kirkouk, 24000 T.DW. Tanker under construction for Cie. Navale des Petroles, France 


SHIPBUILDING DRY-DOCKS 
ENGINEBUILDING No 1: 666 FT. 

No 2: 536 FT. 
REPAIRING No 3: 459 FT. 


PHONE: 60673-60381 - CORNELIS DOUWESWEG 1 - CABLE: SHIPDOCK 


IMPACT IDLERS 


Het is gemakkelijk om een touw met een hamer 
kapot te slaan wanneer men op een hard grondvlak 
hamert — maar het is onmogelijk om dit touw kapot 


te slaan, wanneer het met de hand ondersteund wordt. 


Op dezelfde wijze wordt het weefsel van een 
transportband doorgesneden, wanneer zware stukken 
daarop vallen, terwijl de band door ijzeren rollen 
wordt ondersteund. 


Maar de 5 cm dikke rubberlaag op de 
SUTCLIFFE schokbrekende rollen geeft een zodanig 
verende ondersteuning, dat de zware stukken aan de 


band geen schade kunnen doen. 


Bescherm daarom Uw kostbare rubberbanden ! 


f GRAMS- 
LONDON OFFICE:- 
= SUTCLIFFE - 
235 VAUX HALL BRIDGE R.D, ee © RL 


LONDON SMW.l. ENGENMD. 


ENGLAND Be 
{ re) BENTLEYS SECOND 
PHRASE 


PHONE: PITERIA 0844 Jumiteo 


Er ; 
UNIVERSAL WORKS » HORBURY * ENGLAND A-B-C SAND 6" 
Phone: Horbury 350 EDITIONS 


PIONIERS VOOR DE GEHEELE WERELD VAN ONDERGRONDSCH BANDT NSPORT. 


Vertegenwoordigers: 


N.V. Ingenieursbureau v/h J. M. C. VAN BORSELEN & Co., 's-Gravenhage, Lange Poten 15a 


in verschiedenen Ausführungen und Größen 
mit höchsten mechanischen Wirkungsgraden 


Beson nde ere Vorzüge: Neuzeitliche Schweißkonstruktion 
Robuste Bauart 
Leichte Bedienung 
Geringe Wartung 
Betriebssicher 
Geringer Keltenverbrauch 

Gut transportabel 

Unempfindlich gegen Überlastung 


Direkter Antrieb der Spülpumpe vom Hebewerk mit: 
2 Geschwindigkeitsstufen. Je 4 Vorwärts- und Rück- 
wärtsgeschwindigkeiten auf Trommel und Drehtisch = 


ALFRED WIRTH & CO. 


ERKELENZ (Rhid.) 


CW GATE BELT CONVEVOR 


The C. W. GATE BELT conveyor driving units are built to suit 26 ins 
and 30 ins. belts. The basic units combine a high ıeserve of power 
with compact size, ıha double driving drums giving steady pull with- 
out slip. The well tried and troublefree C. W. principle of readily 
accessible split gearbox and spigoted motor is employed and units 
will woık year in and year out in the most arduous conditions. The 
drive may be mounted on girders for direct discharge or be pıovided 
with a jib for remote delivery and fitted with a loop take up device 
holding 60 ft. of belting in reserve for extension. 


GATE BELTINTERMEDIATESTRUCTURE 


The Sections are made in the very convenient length 
of 8 ft. wiıh the carıying idlerss spaced at 4 fr. 
centres. They are low and light yet giving adequate 
clearance for the return belt and are so constructed 
that ıhey take up remarkobly little space when 
dismantled and bundled for transport. Rigidity and 
alignment are ensured by the easily connected angle 
stringers which carıy positive stops to prevent tilting 
on uneven ground. The bottom belt covers are dowelled 
to prevent accidental displacement yet are easily 
removable for inspection without disturbing the con- 
veyor line. The idlers, which are grease filled before 
leaving the Works, are fitted with grease nipples for 
topping up and are readily adjustablefor belt alignment. 


COWLISHAW, WALKER & Co. LTD. 
BIDDULPH, STOKE-ON-TRENT, ENGLAND 


Agenten voor Nederland: N.V. FABRIEKEN VAN SPOORWEGMATERIAAL 
v.h. ORENSTEIN & KOPPEL, WETERINGSCHANS 16, AMSTERDAM-C. 


YOU NAME THE PROBLEM 
...„ Baker has the BEST SOLUTION 


FOR EXAMPLE.... if that problem is PRODUCTION, you can be sure of 
better results with the Baker Model „D’ Retainer Production Packer. 

By using the proper hook-ups* (including appropriate accessory equipment) 
practically any production problem can be met successfully with the Baker 
Packer. Its routine applications range from single- and multi-zone production 
to isolating holes in casing, controlling flow, gas lifting, acidizing, salt water 
injection and disposal, gas injection, testing and squeezing, plugging back, 
water flooding, formation fracturing, and many other related operations. For 
important DUAL-ZONE COMPLETIONS, the Baker Packer has no equal... 
one more reason why it is popularly called „THE UNIVERSAL” PACKER. 


FEATURES... Two full sets of opposing slips prevent both upward and 
downward movement when set in casing. e Clear inner passage and po- 
sitive, flapper-type_back-pressure valve permit „down-hole” work and un- 
restricted vertical movement of the tubing. e Cast-iron construction ensures 
complete drillability and resistance to corrosion. e Can be run on tubing 
or on a wire line for setting at any depth. 


"Send for your free copy of the new 84-page Baker Packer Brochure, by 
addressing Baker Oil Tools, Inc., Box 2274 Terminal Annex, Los Ängeles, 
54, California, U.S.A. If among the many illustrated hook-ups, you are not 
able to find one that exactly meets your specific problem, send details and 
we will be glad to work with you to find a solution. 


BAKER OIL TOOLS, INC. 


HOUSTON - LOS ANGELES - NEW YORK 


BAKER 


Model „D’ FOR CONSISTENTLY BETTER RESULTS, SPECIFY BAKER ... . Cement 


zus Guiding, Floating and Cementing Equipment e Drill Pipe Floats e Model „K" 


Boa Baker Cement Retainer and Casing Bridge Plugs e Casing Centralizers e Casing 
are, Scrapers e WallScrapers e Retrievable Cementers e Metal Petal Baskets » 
o. 415- 


Stage Cementing Devices. 


HAYDEN-NILOS 


TRANSPORTBAND- 
VERBIND-MACHINES 


Gebruikt in Uw eigen belang bij deze 
machines uitsluittend ook de originele 
HAYDEN-NILOS HAKEN, met de lange, 
scherp geslepen punten. Dat alleen 
waarborgt de allerbeste resultaten. 


Gedurende het maken van de verbinding wordt de rubberband in de HAYDEN- 
NILOS machine in de juiste stand vastgehouden ; de speciale klembalk zorgt 
daarvoor ; onwrikbaar recht en zö, dat een onberispelijke verbinding ontstaat. 


Met alle HAYDEN-NILOS transportbandverbind-machines van het z.g. open-eind 
model kunnen perfecte verbindingen aan rubbertransportbanden van elke breedte 
worden gemaakt, geheel onafhankelijk van de maat (breedte) van de machine zelf. 


De kleinste machine weegt slechts 221/jkg bij een grootste hoogte van slechts 131/3". 


Alle onderdelen van prima smeedstaal (speciale hakenkam van brons), de 
klemkaken ‚van speciaalstaal. Voor goede transportbandverbindingen 


N.V. TECHN. BUR. v/h KAUMANNS & CO. 
'S-GRAVENHAGE 


Javastraat 44, Postbox 173, Telefoon 116170 
Telegramadres „Kaumanns’ 


HAYDEN-NILOS LIMITED - DARNALL RD, SHEFFIELD 9 - ENGLAND 


Wij leveren sinds 1884 


SPECIAAL-LAMPEN 


voor Mijnbouw, 
Industrie 
en Overheidsbedrijven 


. Aanvragen te zenden aan de 


FRIEMANN & WOLF c.m.B.H. Bram: u 


Staalhandel G. SARK 
A 4 . 
m a a Bosse en 


N Ripperdapark 15 
GEGRUNDET 1884 Telefoon 14059 - 11051 


a EEE ee 


If ROPE could talk... 


....It would voice some protest about the stresses 
and strains it suffers. For remember—although 
most rope is made to stand a fair amount of 
rough usage—there is a limit to its endurance. 
Using the correct rope for the job makes 

a lot of difference—and that is where 

British Ropes Limited can help. 
Why not consult them ? 


BRITISH ROPES 
LIMITED 


arilling rig—A SHELL Vertegenwoordigers: N.V. INGENIEURSBUREAU v/h 2. M. 
ERONOCHZER C. VAN BORSELEN & Co., Lange Poten 15A, 's-Gravenhage 


For any 


CARBON and ALLOY STEEL CASTINGS 


for high pressures and high temperatures used in oil refineries 
appiy to 


Ste Ame des 
ACIERIES DE HAINE- SAINT- PIERRE & LESQUIN 


Lesquin -lez-Lille Haine - Saint- Pierre 
(France) (Belgium) 


Rond 40 jaren algemeen gebruik 


ATLAS 


Compressoren 
Stationnair, Transportabel 
* 
Pneum. werktuigen 
en toebehoren 
* 
Universeel-machines, 
enz. 


* 


Aanvragen: 


N.V. HOLLAND-ATLAS 
WITTEHUIS - ROTTERDAM - TELEF. 29350 
REPARATIEWERKPLAATS EN MAGAZIJN 
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Onze verlichtingskundige-afd. 

adviseert U vrijblijvend: 

I. de meest economische 
2. de kwalitatief beste 
3. de meest voordelige 

BINNEN- EN 


BUITEN -VERLICHTING 


Uw aanvraag zien wij 


an 


TS 
L 


gaarne tegemoet 


ROTTERDAM 


TEL. 82860 P.O. BOX 569 
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MIJNWAGENS 
LOCOMOTIEVEN 


% 
RAILS 


WISSELS 
DWARSLIGGERS 
* 


TELEFOON 520 
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KETTENFABRIK: HAMMERWERK. : 
SOHN ERS RUHR 


1819 


TRANSFORMA 


TRANSFORMATOREN 
EN 


METAAL- 
GELIJKRICHTERS 


AMSTERDAM-Z 
TELEFOON 96610-965111 


DRIJFRIEMEN ). LECHAT 


GENT, BELGIE, 16 PYNAERTKAAI, TEL. 55868 
RUBBER, BALATA, KATOEN, KAMEELHAAR 
: : * 
TRANSPORTBANDEN 
VOOR MIJNBEDRIJVEN 


2.9 


V SNAREN 


* 


Agenten over de gehele wereld 
GESTICHT 


ı0 VOOR NEDERLAND: 


S VERKOOPKANTOOR J. LECHAT 


gar] 131 Utrechtscheweg, Amersfoort 
Telefoon 5353 


afbouwhamers 


„Hauhinco,, afbouwhamers zijn door hun hoge prestatie, 


geringe terugslag en laag luchtverbruik voor de miinbouw 
onmisbaar. 


Type A/5 voor zeer dunne lagen en tamelijk harde kolen. 
Type A/7 voormiddelmatigelagenentamelijk harde kolen. 


Type A/9 voor dikke lagen en harde kolen. 


Wij fabriceren ook nog zwaardere afbouwhamers, en 
ook natte afbouwhamers met een waterstraal in de vorm 
van een scherm, zoodat ‚deze uiterst geschikt zijn voor 
silicosebestrijding. 


MASCHINENFABRIK 
G. Hausherr, Jochums & Co.,K.-G. 
ESSEN 


FIB 


VERTEGENWOORDIGD DOOR: 


E W i Electrotechnisch- en Werktuig- 
D » Be kundig Ingenieursbureau N.V. 


MIDDENWEG 314 - TEL. 507.10 - AMSTERDAM 


o 
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ALLE HOOG- EN LAAG- 
SPANNINGS MATERIAAL 
VOOR BINNEN- EN 
BUITENOPSTELLING 


® Scheidingschakelaars 
© Lastschakelaars 


© Gesloten distributie 
batterijen 


© Explosievrije distributie 
batterijen 


E 5° 
| % 
sc hei 


L’ELECTRICITE INDUSTRIELLE BELGE S.A. 
101 RUE D'’ARLON — BRUXELLES - TEL. 11.83.00 
TELEGRAMMES : ELECTROMOTEUR, BRUXELLES 


Explosievrije lastschakelaar 


P. SCHULTE- PAUL TEEUWEN N.V. 
STEMMERK K.CG. RLEIW ARENFABRIEREN 


TEGELEN 
%x £ 
VULRINGE aschigringen) en andere zuur- 
ISOLIERUNGEN von bestendige u ee en Industrie 
Pipelines, Raffinerien, DAKPANNEN 
Hydrierwerken etc. GRES 
durch eigene Monteure BIZEEN 
n TEGELS 
PLINTTEGELS 
Lieferung sämtlicher Isoliermaterialien TBAPTEGELS 
STOOTBORDEN 
DUISBURG ; 
| m Bundesrepublik RAAMDORPELS 
| J j | an A MUURAFDERKINGEN 
ul d ng Mn! en er 
Telegr. adr.: Industriebedarf eic. 


Nauwkeurigheid 
in EEN oogopslag 


ihermomeders 


Rototherm  wijzerther- 
mometers zijn de beste 
thermometers voor de 
petroleumindustrie, om- 
dat zij makkelijk aflees- 
baar, robuust en zeer 
nauwkeurig zijn. 

Beschikbaar met wijzer- 
platen van 65-100 en 
175 mm Ö en met 15 


verschillende indelingen 


Vraag naar Catalogus No 75D 
„Modern Thermometry” 


N.V. MACHINEFABRIEK EN IJZERGIETERIJ 
„HOLLAND - BERGEN OP ZOOM" 


THE BRITISH ROTOTHERM Co. LTD. 
Merton Abbey, London, S.W. 19 
Vertegenwoordiger: 

N.V. BUREAU VOOR ECONOMISCHE STOOMPRODUCTIE 
Admiraliteitskade 75 — Rotterdam (OÖ) 


> 


Adverteren 
in dit Technisch Maandblad geeft 


altüd öucced 


1 Maschinenfabrik Glückauf 


I] Günther Klerner 
Duitsl.-Br. Zone - Gelsenkirchen - Tel. 22489 


Een- en tweecylinder schud- | Tegen-cylinders 

gootmotoren enkel- en 

dubbelwerkend Omdruk-cylinders. Omschuif- 
krikken voor kolenschaaf- en 

Motoren met korte slag enkel- | schraapbakken 

en dubbelwerkend voor korte 

schudgootreeksen Steunbokken 

Tegen-motoren Perslucht-stijlen 


Vraagt ons aan 
- Ingenieurs-advies en prospecti. gratis 


MACHINEFABRIEK 
DEN HOLDER 


DELFTSE JAAGPAD 10 
POSTBUS 87 - LEIDEN 


Telefoon 20241-20242 
Rear ee Vervaardiging van 


.- Kugelflanschenrohre AP PA RATU REN 


Drahtwort WILHELM GELDBACH K6- Et ee 


Geisenflansch" ROHRLEITUNGS- uno FLANSCHENWERK m ._ _. 
GELSENKIRCHEN: Ziegeistraße 17 Mijnbouw en Petroleum winning 


TELEFON 22145 


mit Kugelkupplun 9 GEIDBACH" 
lasversatzrohre 


unde, Flanschen, Einschaltringe 
en Din 


nach Din 
ochdruckrohre 
a Rlonscnenveruingungn nach DIN 20061 
RS Une EIER 


H. J. TJADEN & ZONEN C.V. - HAARLEM 
TELEFOON K 2500 - 15376 NA 18 UUR 23083 $ 


GRONDBORINGEN 


WATERVOORZIENING 
BRONBEMALING 
DIEPSONDERINGEN 


